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USE  OF  FLY  ASH  AND  HIGH- 
STRENGTH  REINFORCING  BARS 
IN  MILITARY  CONSTRUCTION 


1 INTRODUCTION 


Problem 

Itureasing  energy  and  natural  resource  deficiencies 
and  rising  energy  costs  can  be  expected  to  cause  in- 
creasingly liigli  costs  and  sliort  supplies  of  energy-  and 
resource-intensive  construction  materials.  Tire  Corps  of 
tingineers  is  tire  world's  largest  single  user  of  plain  and 
reinforced  concrete  the  two  construction  materials 
used  most  widely  in  nonresidential  structures.  Two  of 
the  components  of  these  materials,  reinforcing  steel 
and  Portland  cement,  are  resource-  and  cost-intensive. 
Thus,  the  rising  costs  and  increasingly  short  supplies 
of  construction  materials  may  have  a significant  nega- 
tive effect  oil  military  construction. 

■Mleviating  these  problems  will  require  ( 1 ) increasing 
productivity  with  smaller  amounts  of  energy  and  ma- 
terial resources,  and  (2)  using  available  construction 
materials  more  efficiently.  New  developments  must 
emphasi/.c  efficiency  of  design  and  the  potential  of 
alternate  and  perhaps  unconventional  construction 
materials. 

Two  alternate  materials  with  promise  for  signifi- 
cantly reducing  the  quantity  of  cement  and  reinforcing 
steel  required  to  perform  a given  structural  function 
are  lly  ash  and  high-strength  reinforcing  bars  (rebars). 
However,  before  the  advantages  ol  either  lly  ash  or 
high-streng-',  rebars  can  be  reali/ed.  the  potential  users 
must  be  confident  of  their  economy,  safety,  and  ac- 
ceptability. 

Objective 

The  objective  of  this  investigation  was  to  evaluate 
fiv  ash  and  higli-strcngth  rebars  for  use  m military 
construction  based  on  their  el  feet  on  the  cost  and 
resource  (raw  materials  and  energy)  intensity  of  mili- 
tary construction. 

Approach 

Cost  benelit  and  resource  intensity*  information 
concerning  the  use  of  tly  ash  and  high-strength  rebars 

•Ki-soiircc  intensity  is  Jelineil  js  the  quantity  of  resources 
consumed  tbotli  energy  jrul  raw  in.iteriall  in  rrodiieing  a given 
prodiiet 


in  military  construction  were  gathered  from  tly  ash  pro- 
ducers and  brokers  and  from  the  literature.  The  data 
for  fly  ash  and  rebars  were  then  analyzed  separately. 

1 ly  ash  data  weic  analyzed  for  each  military  instal- 
lation in  the  United  States.  The  analysis  consisted  of 
optimizing  the  cost  ol  a lly  ash  mix  of  given  strength 
and  workability  and  comparing  its  cost  and  energy- 
intensity  to  those  of  an  equivalent  conventional  con- 
crete mix. 

The  higli-strength  rebar  analysis  was  based  on  the 
.American  Concrete  Institute's  (AClj  Building  Code 
Requirements  for  Reinforced  Concrete  (ACI  318-71 )' 
and  expected  material  and  labor  costs. 

Background 

As  previously  stated,  two  of  the  component  mate- 
rials used  to  produce  plain  and  reinforced  concrete  are 
resource-  (energy)  and  cost-intensive-reinforcing  steel 
and  Portland  cement.  The  energy  consumed  in  process- 
ing reinforcing  steel  and  portland  cement  is  about  43  X 
10^  Btu/ton  (50  X 10*  J'kg)  and  7.9  X 10*  Btu/ton 
(9.1  X 10*  J/kg),  respectively.^  The  other  material 
constituents  of  concrete  sand  and  gravel  have  a rela- 
tively small  process  energy  requirement  of  about  72  X 
10^  Btu/ton  (84  X 10‘  J/kg).^  The  cost  of  energy 
required  to  produce  cement  is  presently  about  25 
percent  of  the  total  production  cost.'*  As  the  cost  of 
energy  goes  up  (it  is  expected  to  increase  by  four  to 
five  times  the  present  amount  by  the  close  of  the 
century’ ) and  the  supply  goes  down,  the  costs  and 
availability  of  energy-intensive  construction  materials 
will  follow  similar  trends. 

It  is  thus  extremely  important  that  procedures  be 
implemented  to  reduce  the  quantity  of  reinforcing 
steel  and  portland  cement  required  to  perform  a given 
structural  function.  Two  materials  hold  considerable 
promise  for  achieving  this  goal:  fiy  ash  and  higli-strength 
rebars  (yield  strength  greater  than  or  equal  to  CiO  ksi 


'Building  Code  Requirements  tor  Reinjoreed  Concrch  . 
ACI  318-71  (.American  Concrete  Institute.  1971). 

‘A.  H.  Makliijani  and  A.  N.  Lichtenberg,  "1  nergy  and  VVell 
Being,"  Um  ir/mmcnt,  \'ol  14,  No.  5 (June  1972). 

■’a  B.  Makhijani  and  A.  N.  Lichtenberg. 

f.  I unnel  and  1).  Johnson.  " A I urther  Opportunity  tor 
I ly  .Ash  Utilization  in  Cement  Production,"  Proceedings  oj  the 
hourth  International  Ash  I tiliration  Sym/iosium  iMjtch  1976). 

’r.  A.  I ucssler,  “I  nergy  in  Crisis  and  Transition.”  f ngi 
neering  Vent  Reeord  I’rohing  the  I'uture  ( April  30,  1974) 
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1-4 1 .4  y 10'^  N/ciir  I I I'ly  ash  can  lie  used  to  replace 
a poilum  ul  the  cement  in  conciete  and,  tliioiii;li  po/- 
/olanic  action,  add  Mienetli  to  the  conciete  Iheh 
stienelh  lehars  can  lie  used  to  reduce  the  ualuine  ol 
lemlorclng  steel  in  leinlorced  cmiciele, 

I K ash  is  a powdered  ash  uliicli  results  Iroin  the 
combustion  ol  (lulveri/eil  coal.  Being  a bv -product  of 
energy  production,  lly  ash  essentially  has  a zero  energy 
intensity  Despite  us  potential  for  decreasing  the  ce- 
ment rea|uirement  of  a given  concrete,  only  a traction 
(appro.ximately  10  percent)  of  the  fly  ash  produced 
annually  from  the  operation  of  coal-t'ired  steam- 
generating  stations  is  used.  In  1075,  appro.\iniately 
4d,3  X 10^  tons  1.1,8  X 10*"  kg)  were  produced,  but 
rmly  4.5  X 10^  tons  |4.1  X lo'*  kg l were  pul  to  use.'’ 

By  reducing  the  amount  of  energy  required  to  pro- 
duce a unit  volume  of  concrete.  Hy  ash  can  leducc  the 
energy  intensity  and  cost  of  concrete.  1 he  energy 
savings  Irom  substitution  ol  lly  ash  foi  10  percent  ot 
the  1 y pe  I cement  [iroduced  in  the  I nileil  Stales 
would  be  .1  08  X lo*-'  Blii|4.20X  10*'’  Jlperyeai^ 
eqiiivaleni  to  aboul  (>  o million  barrels  ol  crude  oil. 
( ompared  to  the  nioie  conventional  (liade  40  lebais. 
high-strength  rebars  ((iiade  bO  and  abovel  permit  use 
ol  a smaller  volume  ol  steel  to  perform  the  same  func- 
tion. Since  the  amount  of  energy  requited  to  produce 
high-strength  rebars  is  not  signillcantly  different  from 
that  reipiired  to  produce  standard  rebars,  use  of  high- 
strength  rebars  conserves  energy.  In  addition,  it  has 
been  determined  that  structures  using  high-strength 
rebars  can  exhibit  gracefulness,  resist  high  overloading, 
and  be  economical  as  well.**  The  Concrete  Reinforcing 
Steel  Institute  recommends  tirade  bO  reinfoicing  steel 
as  the  standard  grade  for  economy.'' 

Mode  of  Technology  Transfer 

lire  tntoiinalion  presented  in  this  report  may  be 
used  as  a guide  for  updating  Corps  ol  1 ngineeis  and 
Depaitment  of  the  Army  manuals.  The  lollowing 
changes  are  suggested 

' J I alvt.  t . S Oiemew  ol  Ash  I’r  nliKlion  .rnd  t uli/,i- 
lion."  /ViK I'ls/rriev  nt  rht  I 'tiirtli  liiu riuili'i/uil  Is/i  I ult:aUoii 
Svntfitniittn  iM.irth  1476) 

I I . I uniiel  uinl  I)  lolinson.  A I rullter  O|'i'orliinu\  lor 
I Iv  \sh  I lili/.iliotr  m<  einenl  I’todiii  Uon." /’"ii  ci  d/iici  o,'  rlh 
liilrriiiiH'iiiul  Id;  I I iliratioii  S t "iihKiii  HI  i\\  jTC[\  14761. 

''A(  I Comniiltee  4.^4.  "Psns  and  I iniirafions  ot  llii'h 
Slrenelh  Sleet  Reintoreenieiil."  IrY  Jnurniit  l*n>cct\lin\:s, 
Vol  711.  No.  : rl  ebriury  |4".t).  pp  77-1114. 

'(  AVS7  lluiiJhitnK  K onciete  Keinloreine  Steel  Insliiuie. 
|4’:i. 


1.  Imgiiieer  Manual  DM)  1 1 lO-d-ZOOO.  .V/u.'k/rrn/ 
I'nuliir  for  Concrete,  paragiaph  2-1  h "Duimg  the 
pl.mmng  stage  ot  ,i  pioiect.  consider.ilioii  should  be 
given  lo  the  .ij)('licabihiy  ot  lly  ash  and  i . ;ei  po//o- 
Ians,  and  s()ecial  cements.  " 

2.  Technical  Manual  I IM)  Ci'iii  rete  Sinie- 

tiiriil  Desiftn  for  ISwIdings.  paragraph  2.  Basis  lot 
Design  "When  commercially  available,  consideration 
should  be  given  duiing  the  concrete  mix  design  stage 
to  the  use  of  fly  ash  as  a replacement  for  a portion 
of  the  Portland  cement." 

I’aragrai>h  5.  Design  Choices  "Consideration  shall 
be  given  to  the  use  of  Grade  bO  reinforcing  bars  in 
place  of  Grade  40." 

.1.  Guide  Specification  CL  \W\ ,0\ . Standard  Coiide 

Speeifieiitions  tor  Concrete,  paragraph* 5. I’o/- 

/olan  "I Ty  ash  shall  he  used  to  replace  a portion  of  the 
Portland  cement,  not  lo  exceed  . percent  by  weight." 


2 FLY  ASH  USE 


Evaluation  of  Economic  Benefit 

The  i'amonue  MihIcI 

To  properly  determine  the  economic  advantage  of 
Using  lly  ash  in  concrete,  a cost  and  energy  comparison 
of  two  hypothetical  concrete  mixes  was  performed. 
One  mix  was  a control  mix  containing  no  lly  ash  and 
the  other  was  a fly  ash  mix  proportioned  lor  equal 
perl’i'rmance  and  maximum  economy . The  design  pa- 
ramefers  used  liable  ll  are  lather  standard  foi  most 
purposes,  however,  these  relatu'iiships  should  he  re- 
evaluated foi  extremely  high- or  low -strength  concrete. 
Based  on  these  parameters,  the  cr'iitrol  mix  was  pro- 
portioned as  shown  in  Table  2.  the  \(  I mix  ptopoi- 
tioning  method'"  was  used. 

The  Tennessee  X'alley  Authoiity  lit  \i  mix  pro- 
portioning method''  was  used  for  the  fly  ash  mixes 
I he  goserning  lactor  m the  uetermmalii'n  ol  ecommuc 


'"A(  I ( eininiltcc  21  I.  ' Recoriiinendod  I’taclicc  tor  Scleil- 
me  I’rcipotlicms  lor  .Nurm.il  Weielit  ( uncrete."  U / Journal 
1‘roi . eJiitgs.  X'ol  66.  No.  h ( \u.’nst  1 464).  pp  6 1 2-62 S 

" 1<  W-  (’.mnun.  "Propurliunini’  I l>  \sli  ( uncrete  Mixes 
lui  Slrenetli  ami  I cuiiumy."  \(  t loornal  I’roi  n X 'I  6S. 

■No  1 2 iNuveiiihei  146H).  jiji  464-4'’4 
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Tabic  1 


400 

(MTI 


Design  Parameters 


28-day  compressive  stremuli 
Slump 

Percent  ait  content 
Masimutn  si/i  coarse  aggregate 
Specitic  gravity  of  sand 
Specific  gravity  of  coarse  aggregate 
Dry  rodded  unit  weight  ol  coarse 
aggregate 

1 ineness  modulus  of  sand 


3000  psi 
( 2068  N 'cm^  I 
3 m,  (■’.6  cm) 
S'-: 

1 in.  12.5  Lin.) 

2.65 

2.67 

104  lb;cu  ft 
( 1666  kg;  in'' ) 
2.6 


Table  2 


Proportioning  off  onitol  Mis 


is  eight.  Ill  (kg) 
500 (227) 

1 1 18 (SOt) 
1937 (879) 
295  (134) 


fly  ash  mix  proponioning  is  tite  cost  o(  Ijy  as/t  as  a 
percentage  of  the  cost  ol'  cement.  Hgures  1 tlirougli  3 
show  tile  relationships  between  fly  ash  ccmeni  cost 
percentage  and  fly  asli  required,  sand  saved,  and  ce- 
ment saved,  respectively.  These  curves  wtere  obtained 
by  incrementing  the  fly  ash  cement  cost  percentage  in 
the  TV.A  fl>  ash  mix  proportioning  method  and  com- 
paring the  amounts  ut  the  constituents  in  the  control 
and  fly  ash  concrete  mixes.  These  curves  leach  /.ero  at 
5fs  percent  because  for  the  given  strength,  workability, 
and  diirabilitv  requirements,  the  use  ol  fly  avh.  m con- 
crete at  fly  ash'cement  cost  percentages  greater  tlian 
that  would  result  in  Increased  costs.  Where  ihis  condi- 
tion was  encountered,  fly  ash  use  was  assumed  to  be 
inleasible. 

The  cost  dilYerential  between  the  twio  mixes  was 
■onii'iiled  loi  each  military  installation  in  the  I'nited 
Males  based  on  the  delivered  (lOH  plus  transporta- 
lionl  cost  ol  the  constituents.  It  was  assumed  that 
cement  and  aggiegale  would  be  readily  obtainable 
within  a 30-ini  (.32  kin)  radius  of  all  military  installa- 
tions. but  that  the  major  portion  of  the  delivered  fly 
ash  cost  would  be  Ireight.  Thus,  the  actual  transpoi- 
lation  distances  between  military  installations  and 
fly  ash  sources  were  used  m computing  the  delivered 
fly  ash  prices.  All  freight  i.ites  were  based  on  bulk 
Iriick  transport. 
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COST  OF  FIT  ASM  AS  A PERCENTAGE  OF  THE  CEMENT  COST 


Figure  1 . Relationship  between  fly  ash  cost  as  a per- 
centage of  the  cement  cost  and  the  fly  ash 
required  for  the  given  mix. 


COST  Of  FLY  ASM  AS  A PERCENT  Of  THE  CEMENT  COST 

Figure  2.  Relationship  between  fly  ash  cost  as  a pei- 
centage  ol  cement  cost  and  sand  saved  Kn 
the  given  mix. 
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f'igure  Kolalionslilp  hetween  tly  asli  cost  as  a per- 
centage ot  tlie  cement  cost  and  cement  saved 
for  the  mix. 


i'locess  and  total  energ>  dilterentials  were  com- 
puted on  the  basis  ol  ( I ) energv  saved  through  the  use 
ol  less  cement,  (2)  energy  required  to  process  the  ll> 
ash.  (,’>)  energy  saved  through  smaller  sand  require- 
ments, and  (4  i energy  required  to  transport  the  lly  ash. 

Oillcclioit  oj  Cast  and  Availability  Data 

I he  cost  and  availability  of  suitable  quality  lly  ash 
were  determined  by  contacting  coal  users  who  con- 
sume a minimum  of  about  I X.  10*’  tonstO.l  X 10®  Isg) 
III  eoal  per  year.  These  users,  uho  were  idenliHed  by 
consulting  the  l't~y  Kcvstoiw  Cnai  Industry  Manual'^ 
were  considered  to  be  inaior  producers  of  lly  ash.  I ach 
usci  was  asked  the  I’ollowing  (picstions: 

1.  Is  th  ■ >,  htced  of  a suilahle  ijuahty  to  he 

used  as  a po  ’/....in  m i .mcrele.  atui  il  so.  does  it  meet 
eithei  American  Society  loi  Jesting  atid  Materials 
( \.S  I M ) Ol  Corps  of  I ngineers  ((  I i speeifications'l 

2.  II  the  tly  ash  is  suilable  as  a po/./olan.  is  rt  being 
iiseil  as  siieh,  and  II  not,  why'.’ 

1.  Il  the  lly  ash  Is  sold  lor  po//olanic  purposes, 
what  IS  the  I Oil  price  and  freight  tale'’ 


'■■/VTS  KriUfiiw  Ciiul  huiustry  llatiinil  (\Ie<ir.iw-llili 
'■linin'.'  I'liblicaii'iiis,  Minim'  Intiinnalinn.il  Serviies.  I‘I7.S). 


Wheie  producers  were  selling  their  lly  ash  to  brokers 
and  therefore  could  not  supply  all  needed  inlorniation, 
the  brokers  were  also  contacted. 

Based  on  these  cotitacts.  lly  ash  producers  considered 
to  be  suitable  lly  ash  sources  were  determined;  pro- 
ducers considered  suitable  sources  were  those  who 
either  produce  or  sell  lly  ash  which  meets  or  exceeds 
■ASTM  or  Ch  specifications,  those  who  produce  and  or 
sell  tly  ash  which  has  recently  been  or  is  being  used 
successfully  as  a po//olan  in  concrete,  atid  those  who 
will  be  producing  suitable  tly  ash  in  the  near  to  imme- 
diate future  pending  installation  of  collection  equip- 
ment. for  sources  which  do  not  currently  sell  lly  ash 
but  were  used  in  the  analysis,  the  cost  of  the  tly  ash 
was  estimated  according  to  the  going  area  price. 

The  major  tly  ash  source  closest  to  each  military 
mstallalion  in  the  knited  Slates  was  chosen.  The  dis- 
tances between  the  tly  ash  sources  and  the  military 
installations  were  determined  by  direct  map  seahtig 
and  use  of  a mileage  table  for  military  locations  in  the 
1 lilted  States.' ' 

Because  the  treight  for  lly  ash  was  found  to  be 
rather  uniform  throughout  the  I'liited  States,  a tepre- 
seiitative  freight  rate-distatice  relationship  (l  igiire  4| 
was  used  to  determine  the  freiglit  cost  ot  tly  .ish 

The  costs  ol  portland  cenietil  and  satul  weie  deter- 
mined by  eonsiilling  a eonstruction  material  price 
listing.'''  .Area.  city,  and  mill  prices  were  used  foi  the 
cement  cost  determinations,  while  an  average  price  of 
ST  'ton  (S0.0044  kg)  was  used  for  sand.  A fiat  rate  was 
used  to  estimate  the  treight  cost  of  eetnent  and  sand. 
Based  on  a 20-nii  (52-knil  radius  of  availabilits  and 
etiireiit  freight  rates,  the  freight  rates  tor  cement  and 
sand  were  assumed  to  be  S.l  ton  (SO.dO.vl  kg)  and 
SI  ton  ( Stt.dOl  "^/kg)  lespeclively. 

The  energy  consumed  by  liiisk  liansportatioii  ol 
mateiials  was  taken  as  2..1dd  Btu  ton-mi  ( 1 ,7dd  J kg- 
kin).'^  .As  indicated  m Chapter  I,  the  process  energy 
requirements  ol  ceineiit.  sand,  and  lly  ash  aie  ' o > 
Id*’  Billion  (d.I  X 10*’  J'kgl.  I’d  X Id-'  Btu  ton 
(iS4  X Id'  J kg),  and  zero. 

"ouiiial  lahh  of  Distmuis  i Departments  ol  the  ,\rm>. 
N'.ivs,  aiul  Air  I oree.  Janiiars  in'6l. 

" M.iicriats  I’nees."  I /le/'/ivrme  A cie.r  A’l I Januars  b. 

p>77, 

’^1  lliist.  I iierey  Inieiisivenoss  ol  I raiisportation.’'  ISC  I 
t 'annioriolioii  I iio’iirri'ii:  Journal.  Vol  n.  Nss  1 1 I il  ebruais 
m’.Ti. 


Id 


_ .25 

£ (OIT) 


— .20 
E (.014) 


X .10 
S2  (.007) 
u 
tx 


150  200  250 

(24U  (322!  (402) 


DISTANCE  mi, ‘km) 


Kguro  4 I u j\li  ItciviiH  late  eu've 


Results 

l ly  Ash  Siiiin-i  Snru’v 

A total  ol  1 'O  pouer  plants  in  the  ( r.Je  ^’.ites 
were  louiu)  to  eonstiine  in  . \ecss  oi  I ■ i*'  tuns 

(*>.|  X 10**  kp)  of  eoal  annually  The  res  s ol  'he 
survey  of  tlutse  plants  can  be  suniniari/ed  as  follows 

1.  Seventy-si.x  ol  the  plants  sell  Hs  ash  which  is 
suitable  for  use  as  a po/,/.olan  in  coiicreie.  Of  ihese. 
21  meet  ASTM  and  ( I specil'ications.  4S  ineel  only 
AST.M  specificaiions.  and  seven  produce  lly  ash  which 
performs  well  as  a po/./olan  bul  has  nol  been  classil'ied 
■All  of  tliese  plants  were  used  in  the  economic  analysis. 

2.  Twenly -eiglil  ilo  nol  sell  lly  ash  but  could,  since 
the  lly  ash  they  produce  is  or  will  be  suitable  for  use 
as  a po/./olan.  Of  Ihese,  ihe  21  who  expeci  to  be 
marketing  lly  ash  in  Ihe  near  lo  immediate  ftiture  weie 
considered  to  be  sources  of  suitable  lly  asli  and  were 
used  in  the  economic  analysis. 


I I l\-two  do  not  sell  lly  ash  for  po/./olanic  pur- 
poses because  of  its  low  cuiality.  Of  these.  32  produce 
un..uilabie  lly  ash  and  20  produce  lly  ash  which  is  of 
unknown  or  ipiestionable  quahly. 


The  aseiage  cost  of  suitable  lly  ash  is  S5. 81/ton 
(S0.00()4  kg).  The  price  ranges  from  SI  .50/ton  (SO.OOl  7 
kg)  to  S21.()0  ton  (S0.0238  'kg). 


I ly  ash  is  most  plentiful  in  the  area  east  of  the 
Mississippi  River,  fly  ash  sources  arc  scarce  in  Hawaii. 
Alaska,  and  mosl  areas  of  ihe  west,  as  the  lly  ash  avail- 
ability map  in  I igurc  5 shows.  There  are  ^3,  123,  and 
210  military  installations  within  2^,  100,  and  500  mi 
(40,  101.  and  805  km)  respectively  , of  a sipnificantly 
large  source  of  suitable  lly  ash  Twenty-six  installa- 
tions most  in  Hawaii  and  Alaska  are  over  500  nii 
(805  km)  from  a suilable  lly  ash  source. 


Figure  5.  l.ocalion  ol  siguirieanlly  large  sources  ol  suilablo  llv  asli. 


lA'inioiuic  Ai'dlysis 

llio  a[’|)eiull\  preseiils  the  dollar  atn.tuuls  which 
couhl  he  saved  through  the  use  ol  lly  ash  at  iniiilais 
inslallaliotis  Ihroughotit  the  Imited  States.  It  was 
dctertiiiiied  that  lor  the  givett  lly  ash  concrete  tnix, 
a positive  cost  savings  would  result  for  7S  percent  of 
all  military  itistallations  in  the  I'nlled  Slates.  Hie 
average  cost  savings  at  these  installalions  wouUi  he 
S.S7  cu  yd  (SI.M  iir^t.  while  the  nia.Mimiin  savings 
would  be  Sd.lO.'cu  yd  (S7.75hu-^|.  I'se  ol  lly  ash  in 
concrete  is  infeasible  lor  (he  remaining  27  I'eiceiit  ol 
military  installations  in  the  United  Stales.  I or  these 
installations,  the  lly  ast\/ccmeiu  cost  percentage  is 
ei|iial  to  or  greatei  than  5H  peicenl.  which  is  ihe  [loint 
j|  whicli  use  ol  lly  ash  lo.ses  any  economic  advantages 
(see  I iguies  1 ihioiigh  .1)  I he  general  geographic  loca- 


tions III  which  this  condition  e.xists  are  Hawaii,  .\laska. 
many  pails  ol  the  west,  and  parts  ol  .Maine  and  New 
'i  oik. 

Since  the  elfeci  ol  tly  ash  use  on  Ihe  piocess  energy 
inlensilv  ol  concrete  depends  laigely  on  the  amount  ol 
cement  and  sand  saved,  a simple  lelationship  exists 
between  the  lly  ash  cement  cost  percentage  ami  Ihe 
amount  ol  process  energy  saved.  Since  the  avet.ige  lly 
ash/ccineiil  cost  percentage  can  he  calculated,  ihe  a\ei- 
age  process  eneigy  saving  can  iherelore  he  ohiamed. 
I igure  (i  IS  a plol  of  process  energy  savings  vs.  lly  ash 
cenieiu  cost  percentage.  Vlie  process  energy  saving  lor 
a particulai  installation  can  he  obiaiiied  by  liisl  delei- 
iiiiiiing  Ihe  lly  ash  cement  cost  percentage  Iroiii  Ihe 
appendix  and  then  reading  Ihe  coi responding  value 


PROCESS  ENERGY  S/MNGS,  THOUSAND  BTU/cu  ydjkj/m’) 


COST  OF  fly  ash  AS  A PERCENT  OF  THE  CEMENT  COST 


Figure  6.  Process  energy  savings  t'oi  the  given  fly  ash 
concrete  mix. 


front  Figure  6.  Based  on  the  tact  tliat  the  average  fl\ 
ash/cenient  cost  percentage  below  58  percent  was 
31 .5  percent,  the  average  process  energy  savings  for  'he 
military  installations  at  which  the  use  ol  fly  ash  is 
feasible  would  be  3.12  X 10'^  B'u.cu  yd  (4  31  X 10*^ 
J/m^ ) of  concrete. 

Determination  of  the  total  energy  intensity  involves 
the  comparisoti  of  process  energy  intensity  with  trans- 
portation energy  intensity,  1 he  total  energy  savings 
computed  for  each  military  installation  are  also  re- 
ported in  the  appendix.  Although  it  was  expected  that 
the  transportation  energy  reijuired  to  move  the  tly  ash 
over  large  distances  might  cancel  out  the  pioccssenci 
gy  savings  in  some  cases,  this  did  not  piove  to  be  true 
rite  average  total  energy  savings  was  lound  to  be  1~2 
X 10'“’  Btu'cu  yd  (3.75  X 10**  .1  nr' 1.  Tins  eneigy 
savings  per  cubic  yard  is  sulflcient  to  heat  the  average 
I 2U0  sri  It  (112  m“)  home  in  the  state  of  Illinois  lot 
14  hours.  The  yearly  eneigy  reviuiremeiits  lot  236,000 
households  (3.08  X lo'-'  Bin  |4.20X  lo'*’ ,1]  ) can  be 
supplied  with  the  energy  savings  that  would  accrue  by 
siibsiiiuling  llv  ash  foi  10  percent  of  all  Type  I cement 
produced  III  the  L niied  States  each  year 

The  appendix  also  presents  the  potential  cement 
savings  per  cubic  yard  oi  concrete,  fhe  aveiage  savings 
would  be  73  Ib/cu  yd  (4^  kg.'iir'land  the  inaxinuim 
savings  would  be  102  Ib'cu  yd  (01  kg  nr’ ) of  concrete. 


It  should  be  noted  that  only  truck  Irarispoilalion  of 
mutcrids  Was  cvmsidered  in  this  investigation.  II  large 
v|Ua['tllles  ol  lly  ash  are  requiied  ovei  lung  distances, 
eiihei  tail  or  barge  tiaiisit  will  help  increase  the  advan- 
tages ol  using  lly  ash  with  lespect  to  energy  and  cost 
savings  since  liuck  iranspurtalion.  although  usually 
more  ciiiivenicni.  is  by  fat  the  most  costly  and  ineffi 
cieni  ol  tin  three  modes  of  bulk  material  transit. 

fhe  advantages  - 'I  Using  fly  ash  in  concrete  can  also 
he  increased  by  specitying  00-day  stiengths  instead  ol 
2s-day  stiengths  whenever  possible.  The  amount  ol 
ce:;..-  ' wl;n!i  can  be  replaced  by  lly  ash  depends  on 
the  si  em'ih  gain  characteristics  reiiiiired  ol  the  con- 
..reiv.  Suite  tin  strength  gain  in  fly  ash  concrete  is 
slcvvei  ilian  plant  concrete,  the  tune  at  which  the 
specilieu  stiength  is  required  has  a direct  etfect  on  the 
aiViv'iini  flv  ash  used  in  the  coiiciete. 


Other  Consi.Terations 

In  addition  to  conserving  materials  and  energy  , fly 
ash  has  other  [iroperties  which  must  be  considered 
I !y  ash  al-o  improves  the  quality  ol  concrete.  .Among 
the  pri'pciiies  which  ran  be  improved  are  workability  . 
heat  ol  hydration  and  thermal  shrinkage  reduction, 
resistance  It'  siiilate  attack,  and  reduction  ol  alkali- 
aggregate  leaLlloii.''  I’rojects  constructed  using  fly  ash 
concrete  include  the  Sears  Tower.  John  Hancock  Build- 
ing. aiK.  v\jiet  lower  I’lace  m (Tiicago.  II  . and  the 
Kuan  Buil'.ling  in  Des  Moines.  I.A  I ly  ash  concrete  is 
loutmelv  specilicu  loi  all  very  tall  buildings  in  the 
Chicago  aic.i. 

There  aie.  ol  course,  some  problems  associated  with 
Use  ol  fly  isli  I hcse  include  I 1 ) tlie  high  capital  invesl- 
meni  reqmiej  to  iiMall  addiliotial  material-handling 
eqiii  -.k;.;  ai  the  coal-biiining  and  batching  plants, 
(2)  the  lack  of  lealislic  guide  speciflcations  for  fly  ash 
use  (3i  the  relative  unavailability  of  fly  ash  in  some 
areas  oi  tlie  I nilc  ' .kiales.  and  (4)  the  varying  i)uality 
o:  llv  as'i  plant  to  platit  (not  all  fly  ash  is  suitable 
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3 HIGH  STRENGTH  REBARS 
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Considerations  Affecting  Cost  and  Energy  Savings 

As  iiulicatod  m Chapler  I . llio  advaiitaite  of  usiiip 
liigli-slrcn{>tli  rebars  is  icduelion  in  the  volume  of  steel 
and  associated  piocess  energy  reipiired  to  peitonn  a 
given  struetural  fiinetion  * 1 m examide.  two  (iiade  40 
=8  rebars  whieb  resist  a tensile  load  of  O vd  kips  (281 
kNi  at  yield  stress  can  ideally  be  replaced  by  one 
Grade  80  =8  rebar,  wbieli  can  restrain  the  same  load 
at  yield  stress.  However,  this  reduction  does  nol  auto- 
matically produce  an  equivalent  cost  reduction,  since 
higb-strengtii  rebars  are  more  cosily  lliaii  nominal 
(■rade  40  rebars.  In  addition,  ibe  extent  to  winch  ideal 
volume  reduction  potentials  can  be  reali/ed  greatly 
depends  on  the  compatibility  of  high-strength  rebars 
with  concrete. 

Vaiious  coruhlions  involving  ihe  inieiaclioiis  be- 
tween concrete  and  rebars  ate  expected  to  h.ive  an 
impact  on  tbe  mateiial  and  cost  savings  associated  with 
the  use  ol  high-strength  rebars.  .-Nmong  these  conditions 
are  (I  I longer  lap  splicing  length.  (2)  longer  develop- 
ment lengths,  (.s)  smaller  reinforcing  bar  spacings.  and 
(4)  larger  dellections.' ^ The  ,A('I  Building  Code  Rc- 
(piiremenls  for  Reinforced  Concrete  (.\CI  318-71)'* 
stale  Ihe  jirovisions  for  designing  reinforced  concrete 
with  high-strength  rebars.  Th.e  .\CI  Building  ( ode's 
irealiiient  ol  high-strength  rebars  was  examined  to 
evaluate  tlieir  advantages. 

Technical  and  Economic  Factors  Associated 
With  High-Strength  Rebar  Use 

\n  overview  ol  various  soiiices  legardmg  the  poten- 
tial of  high-strenglb  rebar  indicated  the  lolbiwing 
trends: 

I.  Ihe  most  iniiiorlani  step  m conservation  of  rem- 
lorcing  steel  is  the  use  ol  (liade  bU  rebar  m place  of 
(irade  40  rebar.  Hus  procedure  will  save  20  to  2,'' 
percent  of  tbe  steel  that  would  otherwise  have  been 


* 1 lie  ilitterence  between  Irn’li-strenelti  reb.irv  .mil  noniin.il 
ltr.iile  411  rebars  is  chemical  eoin[iiisUi'iii.  nut  processini' 

* I’  I Klee  anil  1).  I'  ( lUtslatsmi,  ‘'(.r.iile  8(1  KcinlorcinL- 

Mars  ami  \(  1 ,tl8-"tl."  1(7  Jouniut  V<*1 

No.  4 ( \piil  in'bi.  pp  mi)-2il(s 

'"/tn/A/i/i.e  ( o,/,  Kfifutn  nu'nt\  tor  to  mttjrn'J  i out  r<  t<  , 
\(  I t|S-7I  ( \iiicMcaii  ( omrele  Institiiie.  |U71i 


required;  althougb  this  estimate  is  based  on  the  ul- 
timate strength  design  method,  there  is  a potential 
loi  even  greater  savings  if  Ihe  working  stiess  design 
method  IS  used.''^ 

2.  The  signiticance  of  the  effect  ol  high-strength  re- 
bai  on  the  ultimate  load  capacity  of  columns  incieases 
with  column  si/.e.‘‘'’  ‘ ' 

3.  Cse  ol  high-strength  concrete  is  nioie  efiective 
III  lediicing  the  costs  of  columns  than  is  use  ol  high- 
strength  lebai  ’■ 

4.  Ill  icinfoiced  concrete  beams  and  structural 
slabs.  Ihe  use  ol  higher-strength  lehars  tgreater  than 
(irade  (lOl  can  sigmlicaiitly  reduce  both  steel  volume 
and  costs  ’ 

As  indicated  in  ( hapter  1.  (hade  60  rebars  have 
been  recommended  as  the  standard  grade  for  economy  . 
.Although  high-strength  rebars  cost  more,  they  still 
ofler  Ihe  potential  for  overall  cost  reduction.  Based  on 
the  above  23  percent  maximum  potential  volume 
savings  when  (iiade  60  lebar  is  substituted  for  (oade 
40  rebar,  the  corresponding  cost  reduction  is  on  the 
order  of  15  percent.  This  is  based  on  material  prices 
of  S400  and  S410/ton  (S0.44  and  S0.45  kg)  for  Grades 
40  and  60.  respectively,  and  a placement  cost  of  S236 
ton  ($0. 26/kg)  lor  both  ty  pes  of  rebar.''  The  25  per- 
cent subslilulion  would  have  an  associated  process 
energy  savings  of  10.8  X 10^  Btu/lon  (12.6  X 10^ 
J kg)  of  (hade  60  rebar  used. 

Rice  and  Gusiatson*'’  have  speculated  ibal  using 
higher  strength,  possibly  (hade  80.  rebars  may  oflei 
even  greater  advantages.  Although  these  rebars  are  not 


''’’■file  1 llicient  I se  ol  Reiiilorcin.i!  Steel,  ” ConercU 
Coitttrnn non . Vol  19.  No.  6 (June  1974). 
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\ri  i umniiuoc  439.  and  1. imitations  ol  Uich 

StrcnjMh  Steel  Koinlorecmcnt.”  K7  Journal.  /*r<ut'cJin>:\. 
Vol  7(1.  \o.  (I  chniarv  1973).  pp  77-104. 
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yet  uvailable  except  by  special  agreement,  the  potential 
advantages  arc  worth  considering  The  impaci  of  higher 
unit  prices  on  the  leasihihty  ol  high-strength  rebai 
does,  however,  appear  to  increase  with  incieasing 
strengths.  Rice  and  (lUtslalson's  comparison  ol  tirade 
80  and  (Irade  OO  rebars  has  indicated  that  a steei 
volume  savings  of  12  percent  will  just  begin  to  show 
positive  cost  savings.  It  has  also  been  estimated  that 
the  maximum  practical  material  savings  of  21  percent 
would  result  in  a cost  savings  ot  1 1 percent  f'om- 
bining  these  figures  with  those  for  the  (irade  60 
substitution  indicates  that  the  maximum  practical 
material  savings  available  when  (nade  HO  is  substituted 
for  (irade  40  is  41  percent.  However,  the  resulting  cost 
savings  would  be  only  24  percent.  The  potential  lor 
process  energy  savings  througii  the  use  of  tirade  80 
rebar  is  consequently  U X 10*’  Btii/ton  (10., 5 X 10^ 
J/kg)  of  (irade  SO  used  m place  of  (iiade  60  rebai.  and 
17.6  X 10^  Btu'ton  (20.5  X 10*’  J kg)  of  (^rade  80 
used  in  place  of  (irade  40  rebar. 

Aside  from  higher  iiiateiial  prices,  design  require- 
ments also  tend  to  make  use  of  high-strengih  rebar 
somewhat  less  attractive.  Development  lengths  must 
be  increased  for  high-strength  rebars.  Since  adequate 
development  length  is  directly  related  to  the  force 
in  the  rebar,  if  one  increases,  the  other  must  also 
increase.  The  same  relationship  results  tor  lap  splicing, 
since  this  is  simply  a form  of  development  length. 
Increased  development  and  lap  splicing  length  there- 
fore increase  the  volume  of  steel  and  thus  have  a 
negative  effect  on  economy  . 

The  increase  m development  length  and  lap  splicing 
length  is  directly  related  to  the  yield  strength  of  the 
steel.  However,  this  relationship  chaii.ees  for  rebars 
over  (irade  60.  In  the  comparison  of  (irade  80  with 
(irade  60  rebars,  it  has  been  found  that  the  .A('l  code 
specifies  the  following  increases  in  development  and 
lap  splicing  lengths  for  (irade  SO  rebars 

1.  Tension  development  length  67  iieiccnl 

2.  Compression  development  length  .d  percent 

.5.  Tension  lap  splicing  length  6^  percent 

4 Coiiipression  lap  splicing  length  (lO  percent. 

Serviceability  recpiirements  which  tend  to  nullify 
the  cost  and  resource  savings  associated  with  the  use 
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ol  high-strength  rebars  are  (1)  control  ol  detlections 
and  (2)  distribution  of  tlexural  reintoicenient.  larger 
denectioiis  generally  icsult  when  designing  llexural 
members  with  high-stiength  rebars,  since  eithei  shal- 
lower depths  of  section  are  required  or  less  steel  is 
necessary.*''  Both  of  these  conditions  tend  to  leduce 
the  nionieiit  of  inertia  of  the  section  and  consequently 
increase  dellection.  Greater  costs  and  resource  inten- 
sities can  result  when  the  design  of  a flexural  member 
is  governed  by  dellection  requirements.  Deeper  sec- 
tions can  result,  more  steel  may  be  required,  and  more 
time  is  spent  m the  design  of  such  members. 

The  control  of  cracking  in  tlexural  members  is  pro- 
vided foi  in  the  distribution  of  tlexural  reinforcement 
requirement,  which  specifies  the  maximum  allowable 
spacing  between  adjacent  rebars.  This  requirement  is 
designed  to  keep  ciack  widths  small  enough  to  deter 
corrosion.  The  crack  control  requirements  are  expected 
to  be  more  severe  for  high-strength  rebars,  since  the 
steel  stress  is  higher  and  fewer  rebars  are  required.'" 
two  conditions  which  are  known  to  be  directly  related 
to  cracking  in  reinforced  concrete  tlexural  members. 
Maximum  bar  spacing  limitations  may  increase  costs 
by  increasing  the  volume  ot  steel  required  or  by  m- 
cveasing  placement  costs  due  to  the  use  ot  a larger 
number  of  small  diameter  rebars. 

T hus,  although  high-strength  rebars  do  have  poten- 
tial for  reducing  the  amount  of  steel  used  and  conse- 
quently energy  consumed  in  processing,  the  reward  tor 
saving  steel  and  energy  (i.e..  cost  reduction)  may  not 
always  be  obtainable  due  to  higlier  material  prices  and 
design  restrictions  set  forth  by  building  codes.  How  ever, 
the  literature  indicates  that  use  of  high-strength  rebai 
in  the  following  structural  elements  is  expected  to  re- 
sult in  material,  energy,  and  cost  reduction:  ( 1 ) beams, 
joists,  and  thick  slabs,  especially  those  with  high  steel 
percentages,  noncritical  dellections.  and  interior  ex- 
posure, and  (2)  two-way  structural  slabs  which  have 
higli  loads,  long  spans,  and  mterioi  exposure."'  '* 
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4 CONCLUSIONS  AND  REFERENCES 

RECOMMENDATIONS 


Conclusions 

Ttiis  invesligalion  mdicaleiJ  lhai  use  ol  lly  asli  and 
liigli-strciigtli  rebar  in  military  eunstiuetion  can  result 
in  signifieant  energy  and  materials  savings.  In  addition, 
these  alternates  can  in  many  instances  result  m con- 
siderable cost  savings. 

With  respect  to  lly  ash  use.  it  was  estimated  that 
positive  cost  savings  would  result  ioi  percent  ol  the 
major  military  installations  m the  Luiited  Stales.  The 
average  cost  savings  would  be  S.S7  cu  yd  tSl.l4/m^) 
ol  lly  ash  concrete  used,  and  the  ma.Mtmim  cost  savings 
would  be  S2.1U/CI1  yd  lS2.7.S'm^).  .Among  the  military 
installations  at  which  the  use  ol  lly  ash  would  result  m 
positive  cost  savings,  the  average  amount  ol  process 
energy  which  may  be  conserved  is  .1.12  X 10'“’  IJui  cu 
yd  (4. .11  X 10*^  J'nr^l  ol  lly  ash  concrete  used,  while 
the  average  total  eiieray  savings  would  he  2.72  X lO' 
Btu/cu  yd  (.1.7.S  X 10^  J iii^  ) ol  lly  ash  conciete  used. 

I'se  ol  high-strength  tebar  is  expected  to  result  ui 
positive  cost,  material,  and  energy  savings  when  used  m 
( I I beams,  joists,  and  thick  slabs  with  high  steel  per- 
centages. iioiicntical  dellections.  and  interior  exposure, 
and  (2)  two-way  slructuial  slabs  with  hmh  loads,  long 
spans,  and  mteiior  exposure.  At  |ireseiil.  the  maximum 
inaclical  cost  savings  ol  (uade  60  rebar  over  Cirade  40 
rebar  was  lound  to  be  1 ,1  percent,  with  a corresponding 
material  savings  ol  25  percent.  Lse  ol  (.rade  80  rebars 
111  place  ol  (iraile  40  lebars  was  lound  to  have  a maxi- 
mum practical  cost  savings  ol  24  [lercent  and  a corre- 
sponding material  savings  ol  41  percent.  The  potential 
lor  process  eneigy  coiiseivation  was  lound  to  be  a 
ma.xiiiiuni  ol  10.8  X 10^  litu  ton  I I 2.6  X lO**  J kg)  ol 
(iiade  (>0  used  m place  ol  (.rade  40  and  17.6  X 10^’ 
Hill. Ion  120.5  X 10^  .1  kg)  ol  (.rade  80  used  m place 
ol  (.lade  40  rebai 

Recommendations 

It  is  recommended  that  lly  ash  and  high-slrenglli 
lebai  be  consideied  for  preseiil  and  lulure  coiisiruv- 
lion  iirojecls  and  that  I \l  5-500.2,  ( I 1401.01.  and 
IM  1110-2-2000  be  revised  to  lacihtale  use  ol  these 
alternates. 
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APPENDIX: 

FLY  ASH  USE  DATA 


lahlL'  A I 


Data  Ini  Aimy  InsUillalinns 


Mililury  Inslallalioii 

Nearest 

Major  Source  ol 
Siiilable  1 ly  Ash 

Dis- 

tance 

mi 

tkml 

l ly  Ash 
Cement 
( ost 
Per- 
centage 

C ost 
Savings 
S cu  yd 
(m  *) 

I otal  1 nergy 
Savings 
Btu  cu  yd 
(k.l  m M 

(.'ement 
Savings 
lb  cu  yd 
(kg  m’) 

Aberdeen  I’ruvm.e  ( iroumJ 

1 ddystvine  Siaiivm 

17 

1.5  7 

370,163 

9S 

Aberdeen,  Ml) 

1 ddy stone.  l*A 

(113) 

(3.05) 

(510.809) 

(58) 

Arinisiuii  Arm>  Depot 

1 . C.  (iaston  IMant 

50 

24 

1.33 

.355.016 

92 

Anniston,  Al 

W ilsonville,  \1 

(80) 

( 1 .6 1 1 

(489.908) 

(55) 

Arlin.iiton  Hall  Station 

l‘otc*niac  Kiver  IMant 

7 

18 

1 .00 

388,5  78 

98 

Arlington.  V A 

\le\andria.  V \ 

(III 

(3.09) 

(536,333) 

(58) 

Army  Mali's  Meeh.  Kesearel\  Center 

Mernmac  IMant 

70 

59 

Watertown.  M A 

( imeord.  Ml 

(113) 

liadeer  Army  \mmunitioii  I'lant 

O.ik  Cr.-I'k  I’l.inl 

1 17 

2d 

Ml 

3(tH,319 

84 

Barahoti,  W I 

Oak  ( reck,  U I 

1 ISSl 

(1.30) 

(4  35,468) 

(50) 

Baker.  1 ort 

Mohave  Plant 

50(1 

B4 

Sausab\o,<  \ 

l auehlin.  NN 

(8(15) 

Bayonne  Miliiar\  Oeean  lerminal 

Mercer  Plant 

57 

61 

Bayonne.  NJ 

llamiltiJn  I vvp..  N.I 

(931 

Belvoir,  1 ort 

Poloiitas  Kiver  IMant 

10 

IS 

1 .60 

387,71  5 

98 

\le\andria.  \'A 

Mesandru.  \’ A 

(16) 

(3.09) 

15  35.033) 

(58) 

Bennine.  1 ort 

'i  ates  Plant 

81 

25 

1,13 

388.189 

90 

( oluinbiis.  ( 1 \ 

Nevsjuan.  (»  \ 

(130) 

(1.46) 

(535.686) 

(53) 

Bliss.  1 <>ri 

Navajo  Plant 

47(1 

70 

1 1 I’aMi.  1 \ 

l’,ac,  \/. 

(756) 

Bine  ( ti.iss  Depot  \elivi!> 

( ane  Kun  Plant 

75 

•>  s 

UK 

354.361 

94 

Kietimond.  k ’i 

1 ouisvilli’.  K > 

ii:ii 

(1.46) 

(489,(1114) 

(561 

Braee.  1 i»rt 

Ki)\bor»i  Plant 

103 

2M 

.9b 

31  1.330 

84 

1 .iveiicvilk'.  \( 

K >i\ borif.  N( ' 

( 165) 

( U9| 

(4  39. (.33) 

(5(1) 

Brooke  \rm>  Medie.d  Center 

Bie  Brown  Pl.iiil 

194 

34 

.73 

ISHMM) 

74 

San  \m«'nio.  1 \ 

1 .iirlicM.  1 \ 

(313) 

(.K9J 

( 357.313) 

(44) 

( ameum  Station 

Pi't(»niac  Kiver  Plant 

10 

IS 

1,60 

38  7.715 

98 

Alevandna.  Va 

\levandria.  \ \ 

(16) 

(1.98) 

(535.033) 

(5Sl 

( ainpf'efl.  1 ort 

( r.dlaiin  Steam  Plant 

HA 

30 

1.30 

.759,196 

9 b 

< l.irksnlk'.  I\ 

( tallalm.  1 N 

(135) 

( 1 .6  1 ) 

(495,6  76) 

(5'l 

( .irlisle  Barrai ks 

1 )ii kers<m  Plant 

1 10 

33 

.70 

383.393 

76 

( arlisk'.  !•  \ 

Dttketson.  MD 

1 1 ”1 

(.87) 

(391, 11701 

(45) 

IS 
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Tabic  A1  (Cont’d) 


Data  tor  Army  Installations 


Hy  Ash  ' 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  Fly  Ash 

Dis 

tance 

mi 

(km) 

Cement 

Cost 

Per- 

centage 

Cost 
Savings 
S;cu  yd 
(m’) 

Total  Energy 
Savings 
Btu/cu  yd 
(kJ/m’) 

Cement 
Savings 
Ib'cu  yd 
(kg;m^) 

C arson,  l ort 

C'herokee  Steam  Plant 

78 

18 

1.73 

368,165 

98 

Colorado  Sprinjis,  C'O 

Denver,  CO 

(126) 

(2.14) 

(508.053) 

(58) 

Chaffae,  1 ort 

LaC'ygne  Station 

253 

40 

.41 

198,821 

59 

1 ort  Smith,  AR 

LaC'ygne.  KS 

(407) 

(.51) 

(274,365) 

(35) 

Defense  Const.  Supply  C enter 

i . M . Tail  Plant 

81 

27 

.97 

326.985 

87 

Columbus.  OH 

Dayton.  Oil 

(130) 

(1.20) 

(451.227) 

(521 

Detense  Depot 

1.  H.  Allen  Plant 

10 

12 

2.10 

403.254 

102 

Memphis.  I N 

Memphis.  T.S 

(16) 

(2.60) 

(556,475) 

(61) 

Defense  Depot 

Navajo  Plant 

305 

53 

.04 

62,659 

19 

Ouden.  I T 

Page.  A/. 

(491) 

(.05) 

(86.467) 

(111 

Defense  (General  Supply  C enter 

Morgantown  Plant 

84 

27 

1.02 

326.295 

87 

Richmond.  VA 

Morgantown.  MD 

(135) 

(1.26) 

(450.274) 

(52) 

Defense  Personnel  Support  C enter 

1 ddv  vfone  Station 

10 

11 

2.07 

404,598 

102 

Philadelphia.  P A 

1 ddystone.  PA 

(16) 

(2.57) 

(558,329) 

(61) 

Deirick.  1 ort 

Dickerson  IManl 

43 

26 

1.00 

339.583 

88 

I rederick,  MD 

Dickerson.  Ml) 

(69) 

(1.24) 

(468,61  1) 

(52) 

Detroit  Arsenal 

IrenionC  hannel  Plant 

25 

14 

1.70 

391,434 

100 

Detroit.  Ml 

Trenton.  MI 

(40) 

(2.1 11 

(540,164) 

(59) 

Devens.  1 ort 

Merrimac  Plant 

36 

57 

0 

15,441 

4 

Ayer.  M A 

Concord.  \H 

(58) 

(01 

(21.308) 

(2) 

Di\.  1 ort 

Mervcr  Plant 

5 

59 

I renli>n.  NJ 

Hamilton  I wp  . NJ 

(8) 

Drum.  1 t)ri 

'lerrim.K  IMant 

330 

86 

Watertow  n.  S'! 

( oiivord  Nil 

(531 1 

Diie\va>  Pn»vmy  < iround 

N jA .4|o  Plant 

395 

61 

Due\\  ay.  1 I 

Pace  \/ 

(6361 

1 ustis.  1 ort 

Koxhnio  Plant 

201 

41 

.34 

194,735 

56 

Warwick.  \ \ 

R.Aboro.  \( 

(323) 

(.42) 

(268,727) 

(33) 

1 it/simons  Arm>  Medical  t enter 

( herokee  Me.im  Plant 

10 

13 

2.09 

400,248 

101 

Aurora.  < () 

Denver.  ( O 

(16) 

(2.59) 

(522.327: 

(60) 

1 rankfort  \rse*nal 

1 ddysli'iie  Station 

5 

1 1 

2.07 

406.4 '0 

102 

Philadelphia.  P\ 

I dilv  stone,  P \ 

(8) 

(2.5'') 

(560.913) 

(61) 

(iillcm.  1 ort 

\^anslev  Plant 

30 

21 

1.36 

370,232 

95 

1 tirest  Park,  (»  \ 

New  nan.  ( » A 

(48) 

(1  69) 

(510,906) 

(56) 

I 
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IFala  lur  Army  Inslallaliuns 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  Ply  \sii 

Dis 

tanec 

nii 

(km) 

My  Ash, 
Cement 
Cost 
Per- 
eeniage 

Cost 
Savings 
S cu  yd 
(ni’l 

I otal  1 nergy 
Savings 
HUi  eu  yd 
( kJ  m ^ 1 

Cement 
Savings 
lb  eu  yd 
(kg  m ' > 

( iordun.  1 »>r  j 

llarllee  branch  Plant 

1 1(> 

31 

.79 

290.086 

S(i 

\iiLUisia.  t i \ 

1 atonl\»n.  it  \ 

i:i9i 

(.981 

(400,30^) 

(4-) 

( >io*‘l\ . ! t*rl 

( enirailia  Pkmt 

1.30 

IKM.i  iiinchon,  \K 

( enlrailia.  W \ 

(,’.'■’31 

1 Lnnihon. 1 tut 

Mercer  Plant 

50 

61 

Niw  ^ Oik.  N^ 

1 lainilton  \ w p..  N J 

Harrison.  1 ort  Itcniamm 

! . W . Stout  Plant 

It) 

21 

1.44 

375,522 

95 

Indianapolis.  I\ 

Indianapolis.  IN 

1 161 

(1.79) 

(518.206) 

(56) 

Harr>  l)ianu>nd  I abs. 

Dkkerson  Plant 

5 

21 

1.39 

376.S45 

95 

Silver  Sprini:.  M 1) 

Dickerson,  \11) 

(X| 

(1.72) 

(520.031 ) 

(56) 

Hill,  I i.rt  ,\.  1’ 

Moreantow  n IMani 

■>  A 

23 

1.2S 

364.268 

93 

lio\s  iini:  (ircon.  \ ,\ 

Morjiantusv n.  Nil) 

(351 

(1.59) 

(502.676) 

(55) 

llolsion  Arnn  Aninu»  Plant 

( lituh  River  Plant 

32 

27 

.94 

338.255 

87 

Kinesporl,  1\ 

Carbo. \ \ 

(511 

(1.17) 

(466.779) 

(52) 

1 loud,  1 ori 

Hit!  brown  Plant 

11)2 

26 

.99 

325.6~4 

KS 

Killeen.  I \ 

1 airl'ield.  1 X 

(164) 

(1.23) 

(449.41’) 

(52) 

I lonsltni.  1 orl  Sam 

bie  brown  Plant 

204 

40 

.39 

205.583 

59 

San  Antonio.  1 \ 

1 jirliclil.  1 X 

(328) 

(.48) 

(283.69-)) 

( 35 ) 

!luaeln]i.a.  1 ort 

Mohave  Plant 

352 

62 

Sierra  V ista.  \/ 

1 aiielilin.  N\ 

(5661 

limiter  \rrn\  \irheUl 

Ualeree  Plant 

134 

35 

..■^9 

258.060 

'1 

S.ivann.ih.  ( • \ 

1 a‘»lover.  S( 

(2161 

(.’3) 

(■<56.1  13) 

(42) 

Intliana  \riny  Ammo  Plant 

< .me  Run  Plant 

15 

IS 

1.45 

386.278 

9S 

( harlesioii.  IN 

l.ouis\  tile.  K ^ 

(24) 

( 1 .90) 

(533.049) 

(58) 

Induntow  n t >ap.  1 ort 

1 dd\  stone  Slatum 

77 

16 

1.6S 

37I.’4' 

99 

1 eh.trion.  P \ 

i dd\  stone.  P.\ 

(124) 

(2.2(1) 

(512.996) 

)59| 

lowa  \rm\  Ammo  Plant 

Powerton  Plant 

^4 

19 

1 54 

360.181 

97 

llurlineton.  lA 

Pekin. i 1 

(151) 

(2.01 ) 

(497.036) 

(58) 

Ir\un.  1 ort 

Molu\e  Plant 

163 

to 

.45 

22  1 .776 

62 

Itarstou . ( \ 

1 aiii'hlin.  N\ 

(261) 

( 5») 

( 160.04  2) 

(3') 

Jaekson.  1 . 'ft 

Wateree  PI. ml 

30 

24 

1.21 

35S.364 

92 

( olumhia.  S( 

1 astover.  S( 

(4,S) 

( I.5SI 

(494.528) 

(55) 

Jefterson  Proving  in*und 

( ane  Run  Plant 

54 

I'l 

1.4' 

3' 1.451 

9" 

Vladisoft.  IN 

I.oujswlle.  K> 

(87) 

(1  92) 

(51  2.588) 

(58) 

loliet  \riny  \mmo  Plant 

•loliet  Plant 

15 

23 

1 25 

366.056 

9 3 

II 

l.'liol.  11 

(24) 

(1.63) 

(505.143) 

(55) 

Tabic  A I (Corn’d) 


Data  lor  Army  Installations 


Military  Installation 

Neare>l 

Major  Source  of 
Suitable  1 ly  Ash 

Dis 

lance 

mi 

(km) 

Fly  Ash ' 
Cement 
Cost 
Per 

centage 

Cost 
Savings 
S cu  yd 
(m’) 

Total  fcnergy 
Savings 
Btu  cu  yd 
(kj/m') 

Cement 
Savings 
lb  cu  yd 
(kg  m’) 

Kansas  Army  Ammo  Plant 

LaCygne  Plant 

105 

38 

.97 

314,331 

S5 

Parsons,  KS 

La('yenc.  KS 

(169) 

(1.36) 

(433,613) 

(50) 

Knu\,  I’ort 

(*ane  Run  Plant 

33 

18 

1.41 

.381.103 

98 

Radclit'f,  KY 

Louisville.  KY 

(53) 

(1.84) 

(535.907) 

(58) 

Lake  C'ity  Army  Ammo  Plant 

Hjw  thorne  Station 

30 

23 

1.38 

364,7-79 

93 

Independence.  MO 

Kansas  City,  MO 

(33) 

(1.67) 

(503.381 ) 

(55) 

Leavenworth,  1 ort 

Haw  thorne  Station 

35 

34 

1.33 

35  7,133 

93 

Leavenworth,  KS 

Kansas  C ity,  MO 

(56) 

(1.61) 

(493,814) 

(55) 

Lee.  l ort 

Morganstown  Plant 

80 

37 

1.03 

227.215 

87 

Petersburg,  VA 

Morgantown,  MD 

(139) 

( 1 .35 ) 

(451,544) 

(53) 

Letlerkenny  Army  Depot 

Dickerson  Plant 

70 

38 

.90 

331.949 

85 

C'hambersburg.  PA 

Dickerson.  MD 

(113) 

(1.18) 

(444,377) 

(50) 

Letterman  Army  Medical  Center 

\lohave  Plant 

490 

64 

San  1-  rancisco,  ('A 

l.auchlin.  NV 

(789) 

Lewis.  1 ort 

Centrailia  Plant 

38 

31 

.97 

309,809 

80 

Tacoma,  \\  A 

Centraili,!.  W.A 

(61) 

(1.37) 

(427,534) 

(47) 

Lexington-Hlue  Cirass  Army  Depot 

U . C.  Hcckjord  Plant 

60 

38 

.89 

334.157 

S J 

Lexington.  KY 

Richmond.  OH 

)97) 

(1.16) 

(447.334) 

(50) 

Liggett.  Port  Hunter 

Moh,ive  Plant 

.380 

57 

0 

13,336 

4 

KineCity.  ( A 

Lauglihn.  N\' 

(613) 

(16,871) 

(3) 

Lone  Star  Army  Ammo  Plant 

Big  Brow  n Plant 

160 

39 

.95 

399,073 

84 

Texarkana,.  TX 

l airfietd.  I \ 

(35  7) 

(1  34) 

(413.708) 

(50) 

Li»m:horn  Army  Ammo  Plant 

Big  Br()W  n Plant 

140 

•> 

1.06 

313.415 

87 

Marshall.  TX 

1 airliclJ.  I \ 

(355) 

(1.39) 

(433,500) 

(53) 

Louisiana  Army  .Ammo  Plant 

Big  Brown  Plant 

17X 

30 

.94 

388,4  71 

83 

Minden.  L A 

1 airlield.  I X 

(3S6) 

(1.33) 

(389.079) 

(49) 

Macall  ( amp 

Allen  Ste.im  Plant 

HI) 

j>7 

1 .03 

227.215 

87 

llolTman,  NC 

Belmont.  \( 

(139) 

(1.35) 

(451.544) 

(53) 

Madigan  Army  Medical  Center 

Centraili. 1 Plant 

36 

31 

.97 

310.31 1 

80 

Tacoma.  W A 

Centrailia.  W A 

(58) 

(1.3’) 

(438.079) 

(47) 

Mc(  IcTlan.  1 on 

Hammond  Plant 

48 

■> 

1.35 

361,440 

94 

Anniston.  Al. 

( ('osj.  ( *.A 

(77) 

(1.77) 

(498.773) 

(56) 

McCoy,  1 ort 

J.P  P'.iUiam  Plant 

130 

:3 

1.46 

336.696 

92 

Sparta.  W 1 

(irecn  Bay.  \\  1 

(304) 

(1.91) 

(464.637) 

(55) 

McNair,  t ort  1 esley  J 

Diekerson  Plant 

34 

23 

1.35 

,36 1 ,305 

92 

Wjshingti'n.  IX 

Dickerson.  Ml) 

(55) 

(1.63) 

(498,449) 

(55) 

:i 


I ill'll.  \ I U I'lilM  I 


I fill  \ltll\  lllsl.lll.llliMIs 


insUllatioii 

Niaresl 

Mjptr  Source  ol 
Suilahit  i l>  \sh 

Dis 

Ijiue 

mi 

(krm 

1 U \sh 
( emenl 
Cost 
Per 

ceiuage 

( osl 

Savinjis 
S/i  ti  yil 
(111 ') 

1 otal  1 nergy 
Savings 
Bill  cti  yd 
(k.l  ni ') 

(emenl 
Savings 
lh  eu  V d 
(kg  m^) 

McPherson,  1 i*rl 

MsDonoueh-  \tkins»jn  Plant 

15 

20 

1 .40 

378,240 

46 

\ilunlj.  ( 1 A 

Sm\  rna. ' t \ 

C4l 

(1.83) 

(521.9561 

(5'l 

^^e.nie  i t*rl  ( ie^).  ( » . 

Du  kerson  I'lanl 

.'4 

2< 

1.08 

.349.5.39 

90 

1 aiircl.  Ml) 

Diikerson.  Ml) 

(551 

11.41) 

(482,3501 

(53) 

Muhi-jt;  Artn\  Missile  Plant 

St.  ' lair  Plant 

30 

14 

1.68 

.389.853 

lOU 

STosline  llciehfs.  Ml 

Ik-Ill-  Kiii-r.  Ml 

i4M 

(2.20) 

(537.982) 

(54i 

'tiLm  \im\  \inniu  Plani 

Johnsonville  Plant 

5(t 

15 

1.82 

38.3,678 

KHi 

Milan  1 S 

lohnsonville.  FN 

(Kit» 

(2.381 

(524.461 ) 

(54) 

M ‘ruii-nith.  1 ••rl 

Mercer  Pl.inl 

44 

60 

Hal  HalU  . M 

11  imiltv*n  1 \sp.,  NJ 

(741 

Monroe  * .*rt 

Moieantow n Plant 

105 

24 

-43 

310.400 

84 

1 lamph-u.  \ \ 

MoriMni"\\ n.  M 1 ) 

1 l('4| 

(1.221 

(424.0  31(1 

(50) 

M\er.  1 I'll 

Poloinav  Kiver  Plant 

10 

IH 

1.60 

3S'^,715 

4K 

\f|in‘.‘i<*n.  \ V 

Alevatidria.  V \ 

1 16) 

(2.091 

(535.0321 

(58) 

Natick  iJevelopnu  lit  ( . nter 

Mernniac  Plant 

60 

5S 

N.i'uli.  M \ 

( ■•ncoid.  N 1 ! 

(47) 

Njvali)  |)cpt)f  \iiti\il\ 

Naiaio  I’laiil 

142 

46 

14 

14.3.41  " 

41 

1 lai''lall.  \/ 

I'ai-i-.  \/ 

l309l 

1.18) 

119^.4101 

(24) 

Nc'a  ( nmlvrlanJ  \rin\  l)ep«M 

1 dd> Slone  Station 

KO 

16 

1.66 

3’0.S4.3 

99 

1 Ijmshure.  P \ 

1 dd>  stone.  P \ 

(1291 

(2.171 

(51  1.749) 

(59) 

Nev^port  \rm>  Ammo  Plant 

i W . Stout  Plant 

65 

25 

1.16 

.342.05.3 

90 

Nsvsport.  IN 

Indianapolis.  |N 

(1051 

(1.52) 

(4'2.020» 

(5.3| 

Oakland  Army  Base 

\lohave  Plant 

510 

65 

OaklanJ.(  \ 

1 aiiehlin.  NV 

(S21) 

Ord.  1 ort 

Moliave  I'lant 

420 

60 

Seaside,  ( A 

1 aiielilin.  NV 

l6’^6) 

Pieatmny  \rscnal 

Mercer  Plant 

5 2 

61 

Dover.  NJ 

1 lamilton  I w p..  NJ 

(K4) 

l’icki,'ll.  1 ..rl 

Ko\bot««  Plant 

■75 

26 

1.05 

332.039 

88 

Blackstniie.  \ A 

Ko\f>oro.  NC 

(I2I1 

(1.371 

(458.201 1 

(521 

Pine  Blut!  \rsenal 

1.  II.  \llcn  I’bm 

125 

20 

1.52 

.34  7.880 

96 

Pine  Biult.  \B 

Memphis.  1 \ 

(201 1 

1 1.99) 

(480,061 ) 

(5'i 

l*olukuh)a  rrainin:  \rea 

Mohave  Plant 

2541 

2o4 

Mil...  Ill 

1 am’hlin.  N\ 

(41701 
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Data  tor  Army  liisiallaiions 


Military  Installatiun 

Nearest 

Major  Source  of 
Suitable  My  Ash 

Dis 

tance 

mi 

(km) 

l ly  Ash,' 
Cement 
Cost 
Per- 
centage 

Cost 
Savings 
S/cu  yd 
(m^) 

Total  Knergy 
Savings 
Btu 'cu  yd 
(kJ/m^) 

Cement 
Savings 
lb,  cu  yd 
(kg,'m’) 

Polk,  1 orl 

Hig  Brown  Plant 

195 

32 

.80 

271,788 

78 

l.cesvitle.  LA 

1 airlield,  I X 

(314) 

(1.05) 

(375,057) 

(46) 

Presidio  ot  Montere> 

.Mohave  Plant 

395 

59 

Monterey,  C'A 

Lauylilin.  .NV 

(636) 

Presidio  of  San  f rancisco 

Mohave  Plant 

485 

63 

Sun  1 rancisco,  (A 

Lauglilin.  NV 

(781) 

Pueblo  Army  Depot 

('herokee  Steam  Plant 

131 

22 

1.40 

339,678 

94 

Pueblo.  CO 

Denver.  ('(J 

(211) 

(1.83) 

(468,742) 

(56) 

Radford  Army  Ammo  Plant 

Clinch  River  Plant 

87 

27 

1.00 

325,605 

87 

Radford,  V.\ 

Carbo.  \ A 

(140) 

(1.31) 

(449,322) 

(52) 

Red  River  Army  Depot 

Bic  Brown  Plant 

170 

31 

.86 

283.244 

80 

Texarkana,  TX 

1 airfield,  T\ 

(274) 

(1.12) 

(390.866) 

(47) 

Redstone  Arsenal 

Colbert  Steam  Plant 

75 

17 

1.67 

368.690 

98 

Huntsville.  AL 

Pride.  ,AI 

(121) 

(2.18) 

(508.778) 

(58) 

Riciiardson,  I ort 

Cenirailia  Plant 

2406 

140 

Anchorajie,  AK 

Centrailia,  \VA 

(3872) 

Riley.  1 ort 

Haw  thorne  Station 

130 

32 

.77 

284.346 

78 

Junction  City.  KS 

Kansas  City,  MO 

(209) 

(I.OI) 

(392,386) 

(46) 

Ritchie,  1 on 

Dickerson  Plant 

52 

26 

.99 

337.461 

88 

Blue  Ridee  Summit.  PA 

Dickerson,  MD 

(84) 

(1.29) 

(465.683) 

(52) 

Riverbank  Army  \mmo  Pluni 

Mohave  Plant 

400 

56 

.02 

24,644 

8 

Riverbank.  ( A 

Lauphlin.  NV 

(644) 

(.03) 

(34.008) 

(5) 

kt)herls.  ( amp 

Mohave  Plant 

350 

55 

,04 

39.230 

12 

Paso  Robles.  ( A 

Luuglilin,  NV 

(563) 

(.05) 

(54.136) 

(7) 

Rock  Island  Arsenal 

M.  L.  Kapp  Plant 

IS 

24 

1.17 

359,606 

92 

Rock  Island.  IL 

Clinton,  lA 

(40) 

(1.53) 

(496,242) 

(55) 

Rocky  Mountain  Arsenal 

Cherokee  Steam  Plant 

10 

13 

2.09 

400.248 

101 

Denver.  CO 

Denver,  (’O 

(16) 

(2.73) 

(552,327) 

(60) 

Rucker.  1 ort 

Christ  Steam  Plant 

1 15 

36 

.58 

254.349 

69 

Dalcvillc,  AL 

Pensacola.  1 L 

(185) 

(.76) 

)350,992) 

(41) 

Sacramento  Army  Depot 

Mohave  Plant 

450 

57 

0 

1 1.632 

4 

Sacramento.  ( A 

I auehlin,  N\' 

(724) 

(16.052) 

(2) 

Sa>»maw  Army  Aircraft  Plant 

Big  Brown  Plant 

110 

24 

1.26 

338.492 

92 

Saitinaw,  T,\ 

1 airfield.  1 X 

(177) 

(1.65) 

(467.106) 

(55) 

•Savanna  .\rmy  Depot 

M.  1 Kapp  Plant 

24 

1.17 

35<J,606 

9: 

.Savanna,  II 

Clinton,  I.A 

(40) 

(1.53) 

(496.242) 

(55) 

labli.'  A I (('onl'il) 


Data  (or  .Army 

Inslallalions 

1 Iy  Ash 

Dis- 

Cement 

Cost 

Total  I nergy 

Cement 

Nearest 

lance 

Cost 

Savings 

Savings 

Savings 

Major  Source  of 

mi 

IVr 

S ru  yd 

Btu  cu  yd 

Ib/cu  yd 

Mi)it;try  Installation 

Suitable  1 iy  AsJi 

(kml 

ventage 

(in’) 

(kJ  m 

(kg,m') 

SihoticU!  harracks 

Mohave  Plant 

2591 

204 

llonftiuUi.  Ill 

Laiiehlin.  NV 

(4170) 

Scranton  Army  Amnio  IMant 

Mercer  IMani 

136 

69 

Scranton,  IVA 

Hamilton  I'wp..  NJ 

(219) 

Seneca  Army  Depot 

Keystone  Plant 

210 

40 

.43 

204,755 

59 

C ieneva,  \ V 

Shelocta.  PA 

(33») 

(.56) 

(282,554) 

(35) 

Shatter.  1 orl 

Mohave  Plant 

2591 

204 

llonA>lulu.  HI 

I.aughlin.  NV 

(4170) 

Sharpe  Army  I.)epot 

Mohave  Plant 

420 

57 

0 

1 1 ,908 

4 

Stockton.  ( A 

l.aujihlin.  N\’ 

(675) 

(16,443) 

(2) 

Sherulan.  ! ort 

Waukcjian  ••1  Plant 

13 

23 

1.2' 

366,566 

93 

lliuhbmi  Park.  11 

Waukeean,  1 1 

(21) 

(1  66) 

(505.84  7) 

(55) 

Sierra  Army  Depot 

Mohave  i'lant 

475 

Susanville.  ( A 

I.auizhlin.  N\ 

(764) 

Sill,  1 on 

Uij;  Krown  Plant 

235 

40 

.4! 

201 A05 

54 

1 aw  ton.  OK 

1 airtield,  1 .\ 

(378) 

( 54. 

(2’7,’9,4| 

(35) 

Stewart.  1 iirl 

1 larllee  Branch  Plant 

150 

35 

5" 

255. 263 

71 

1 lincsville.  ( lA 

1 alonton.  (i  A 

(241) 

(.751 

( 35  2.35  3 1 

(42) 

St  l.ouis  Area  Support  ( enter 

Wood  Kivcr  Pl.jnl 

25 

20 

1.49 

375.480 

96 

(iranilc  Ciiy,  II. 

l.asi  Alton.  1 1 

(40) 

( 1 ,95 1 

(518,148) 

(57) 

Story.  1 ‘iri 

Moreanlown  Plant 

125 

31 

.79 

292,300 

KO 

Virginia  IkMch.  V A 

Mor>iantown.  M D 

(2011 

11.03) 

(403,363) 

(47) 

Sunny  Point  Military  (Jecan  Terminal 

Waleree  IMant 

203 

41 

.33 

194,466 

56 

VV  thnineton.  N( 

1 astover.  S(‘ 

(327) 

(.43) 

(268.356) 

(33( 

rarheel  Army  Missiie  Plant 

Roxboro  Plant 

35 

23 

1.25 

360.950 

93 

HiirlinrM.in.  N( 

Koxboro.  N{ 

(56) 

(1.63) 

(498,097) 

(55) 

1 iili>  h.inn.i  \rtny  Di-pm 

Mercer  Plant 

85 

63 

Scranton.  1*  \ 

l)amilt(*n  I wp..  NJ 

(137) 

loocle  \rrnv  Depot 

Navajo  Plant 

225 

45 

.17 

150,263 

44 

I.  lock-.  1 1 

Papi;.  A/ 

(362) 

(22) 

(207.35  7) 

(26) 

Iripicr  \rni>  Medical  ( enter 

Mohave  Plant 

2591 

204 

li  motulii.  Ml 

Lauj'hlin.  N\ 

(4170) 

Iwint  Hies  Army  Ammo  Plant 

Allen  S.  King  Plant 

15 

|9 

1.74 

.382  439 

47 

New  Hru'hton.  MS 

Stillwater.  MN 

(24) 

(2,28) 

(527.751) 

(58) 

1 matitia  l>«  pot  Activity 

( enfr.iiha  Plant 

200 

5d 

OK 

( eniraih.t.  \S  .\ 

(322( 

:4 


Tabic  A1  (Coin'd) 


Data  lor  Army  Installations 


Fly  Ash' 


Military  Installation 

Nearest 

.Viajor  Source  of 
Suitable  l ly  Ash 

Dis- 

tance 

mi 

(km) 

Cement 

Cost 

Her- 

centage 

Cost 
Savings 
S/cu  yd 
(m^) 

Total  Fnergy 
Savings 
Btu/etj  yd 
(kJ'm^) 

Cement 
Savings 
Ib/cu  yd 
(kg/m^) 

Vint  Mill ! arms  Station 

Potomac  River  Plant 

30 

19 

1.49 

378,213 

97 

Warrentown.  VA 

Alexandria.  VA 

(48) 

(1.95) 

(521,919) 

(58) 

Volunteer  Army  Ammo  Plant 

Hammond  Plant 

65 

24 

1.20 

349,670 

92 

C hattanooga.  TN 

Coosa,  G.A 

(105) 

(1.57) 

(482,531) 

(55) 

Uadsworth.  1 ort 

Mercer  Plant 

63 

61 

New  York.  NY 

Hamilton  Twp.,  .Ni 

(101) 

Wainwrighi.  I ort 

Centrailia  Plant 

2370 

133 

1 airbanks,  AK 

('entraiha,  W'A 

(3653) 

Walter  Reed  Army  Med.  ('enter 

Dickerson  Plant 

15 

22 

1.30 

370.093 

94 

Washington,  IX' 

Dickerson,  MD 

(24) 

(1.70) 

(510,714) 

(56) 

Wjtervilet  Arsen:il 

Mernmac  Plant 

130 

71 

Watervilet,  NY 

Concord.  Ml 

(209) 

West  Point  Military  Reservation 

Mercer  Plant 

90 

63 

Newberg,  NY 

Hamilton  Twp  . NJ 

(145) 

White  Sands  Missile  Range 

Navajo  Plant 

430 

69 

White  Sands.  NM 

Page,  AZ 

(692) 

William  Reaumt)nt  .Army  Med.  Center 

Navajo  Plant 

470 

70 

I I Paso.  T\ 

Page,  AZ 

(756) 

Wood,  I t.  Leonard 

Labadie  Plant 

95 

27 

1.04 

323,765 

87 

Rolla.  MO 

Labadie.  .MO 

(153) 

(1.36) 

(446.783) 

(52) 

Yakima  hiring  ('enter 

( entrailia  Plant 

140 

56 

.02 

29.129 

8 

Yakima.  W A 

Centiailiu,  W A 

(255) 

(.03) 

(40.197) 

(5) 

Yuma  Proving  (iround 

M(Thave  Plant 

170 

42 

.31 

192,245 

54 

Yuma.  AZ 

l.aughiin,  NV 

(274) 

(.41) 

(265,291) 

(32) 

I able  A 2 


D.il.i  loi  An  1 III  CO 

Inslnllatioiis 

1 ly  Ash 

Dis 

Cenienl 

Cost 

lotal  1 nergy 

( ement 

Nearest 

tance 

Co.st 

Savings 

Savings 

Savings 

Major  Source  ol 

mi 

Per- 

S/eii  yd 

Btu  cu  y d 

lb  cu  yd 

Miiilary  lnstailati(M\ 

Snitahle  1 ly  Ash 

Iknil 

cenlage 

(ni ' 1 

(kJ  in ') 

(kg  m'i 

\llus  Al  11 

Mil’  lirovMi  IMani 

2H0 

44 

.23 

158.678 

48 

Alliii.  OK 

1 airtield.  I X 

(451) 

(.30) 

(218,969) 

(28) 

Andrews  Al  H 

Chalk  Point 

10 

21 

1.39 

375,522 

45 

Cump  Springs,  Ml) 

Aipiasco,  MU 

(16) 

(1.82) 

(518.206) 

(561 

Arnold  1 n>»inecrin^  ULVcIopment  ( enter 

(.lallaiin  Steam  Plant 

SO 

18 

1.56 

367.590 

98 

Manchester.  I'\ 

(iallatin.  I'N 

(129) 

(2.04) 

(507.260) 

(58) 

Harksiljlc  Al  11 

liij!  Brown  Plant 

170 

31 

,86 

283.244 

8(J 

Mossier  ( it> . 1 A 

1 airl'ield.l  X 

(274) 

(1.12) 

(390,8661 

(471 

Ik-alc  \l  11 

Mohave  Plant 

4X0 

60 

Mjr\s\i!le.  ( A 

l auehlin.  NV 

(772) 

Mereslrom  Al  M 

lii^  Hrou  n Plant 

145 

32 

.73 

281.448 

78 

\uslin,  1 \ 

1 airlicld.  r\ 

(233) 

(95) 

(388,387) 

(46) 

IIIviIkviIK  \l  11 

I II.  Allen  I’Unl 

65 

16 

1 .60 

375,363 

44 

lllvlhi  iilk-.  AK 

Memphis.  I N 

(105) 

(2.09) 

(517.986) 

(59) 

Ik'llnir'  M 11 

lh)tomac  River  Plant 

10 

18 

1.60 

38  7,715 

4.S 

\V  dshuietMU.  IK 

Alexandita.  V A 

116) 

(2.09) 

(535,('32l 

(581 

Mrouks  Al  li 

Big  Brow  n Plant 

220 

41 

.30 

192,1  79 

56 

.Sjn  Nntonio,  1 \ 

1 airfield.  TX 

(354) 

(.39) 

(265.2001 

(33) 

Cannon  Al  M 

(.  herokee  Steam  Plant 

380 

51 

.03 

76.851 

25 

( lovjs.  W! 

Denver.  CO 

(612) 

(.04) 

( 1 06,05  1 1 

( 151 

( urswll  Al  M 

Big  Brou  n Plant 

110 

24 

1.28 

338.492 

92 

1 orl  urili,  I \ 

1 airlicld.  r\ 

(1  171 

( 1.67) 

(467.1061 

(55) 

( ustle  \l  M 

Mohave  Plant 

375 

54 

.(14 

50.977 

16 

Merced. < A 

haughlm.  NV 

(6041 

(.05) 

(70.346) 

(9l 

( h.inuie  Al  M 

1 . I).  1 dwards  Plant 

40 

19 

1.4  7 

361.30S 

4’’ 

Ranionl.  II 

BarlonviHe.  1 1. 

(145) 

(1.92) 

(498.591  ) 

(5M 

Charleston  A I H 

Ualerec  I’l.mt 

85 

24 

.87 

315.201 

84 

( harlcsiun.  S( 

1 aslover.  SC 

(I3M 

(1.13) 

(434.965) 

(50| 

( "Ivimhus  A I M 

1 olbert  Steam  IManl 

120 

21 

1 .36 

34(1,4  27 

4S 

( ■ 'lunihus.  MS 

I’nJe.  Al. 

(193) 

( 1 .78) 

(478.0.MO 

( 5 ) 

( ruig  Al  11 

1 . ( ( lasti'ii  Plant 

65 

25 

1. 15 

.14  2.05  3 

un 

Selma.  Ai. 

\\  tlsunville.  \| 

(105) 

M.5I0 

(472,02(0 

(541 

Davis-Munthan  Al  li 

Mohave  Plan! 

300 

57 

0 

13.012 

4 

1 usct)n.  A/ 

l-.inghlm.  NV 

(4K3) 

(17.9561 

( 2) 

Dohhins  Al  li 

McDonough-Aikinson  Plant  20 

21 

1.36 

372,8  77 

4^ 

Manclla.  ( i A 

■Sni)  inj,  ( i \ 

(32) 

(1.78) 

(514.556) 

(561 

1 able  A2  (C’oiit'd ) 


Data  lor  Air  Korce  Installations 

Fly  Ash 

Dis- 

Cement 

Cost 

Total  F.nergy 

Cement 

Nearest 

tance 

Cost 

Savings 

Savings 

Savings 

Major  Source  of 

mi 

Per- 

$/cu yd 

Btu/cu  yd 

lb  cu  yd 

Military  Installation 

Suitable  My  Ash 

(km) 

centage 

(ni7) 

(kJ  m^) 

(kg  m^) 

Dover  AI  B 

I-.ddystone  Station 

55 

14 

1.79 

381,946 

100 

Dover,  DL 

l.ddystone,  PA 

(89) 

(2.34) 

(527,071) 

(59) 

Duluth  International  Airport 

■Allen  S.  King  Plant 

130 

27 

1.19 

315,715 

87 

Duluth.  MN 

Stillwater.  MN 

(209) 

(1.56) 

(435.674) 

(52) 

Dyess  AI  B 

Big  Brown  Plant 

220 

36 

.59 

236,840 

69 

Abilene.  TX 

1 airlicld.  TX 

(354) 

(.77) 

(326.830) 

(41) 

hdwards  Ai  B 

Mohave  Plant 

190 

38 

.56 

225,426 

64 

Rosamond.  CA 

Laughlin.  NV 

(306) 

(.73) 

(31  1,079) 

(38) 

1 glin  A I B 

Christ  Steam  Plant 

50 

30 

.89 

315,1 15 

82 

Valpriso,  1 L 

Pensacola,  1 L 

(80) 

(1.16) 

(434.846) 

(49) 

l.glin  Au\.  1 ield  ^ 

Christ  Steam  Plant 

45 

30 

.90 

316,155 

82 

Mary  hsther,  I L 

Pensacola.  1 L 

(72) 

(1.18) 

(436.282) 

(49) 

Lielson  AI  B 

C'entrailia  Plant 

2270 

133 

North  Pole.  AK 

CemraiUd.V*.\ 

(3653) 

Islington  AI  B 

Big  Brown  Plant 

180 

32 

.79 

274.686 

78 

Genoa,  TX 

I'aiifield.  TX 

(290) 

(1.03) 

(379,056) 

(46) 

r Usworth  AI  B 

Dave  Johnson  Plant 

195 

36 

.61 

24 1 .009 

69 

Box  i-  Ider.  SD 

Glenrock.  W Y 

(314) 

(.80) 

(332.583) 

(41) 

I.lmendort'  AI  B 

Centrailia  Plant 

2406 

140 

Anchorage,  AK 

C'entrailia.  WA 

(3872) 

i ngland  AI  It 

Big  Brown  Plant 

235 

37 

.56 

227.660 

67 

Alexandria,  V A 

1 airfield.  TX 

(378) 

(.73) 

(314,162) 

(40) 

I nt  AI  B 

Cherokee  Steam  fMant 

72 

17 

1.74 

369,5  73 

98 

( ulorado  Springs.  C O 

Denver.  C'CJ 

(116) 

(2.28) 

(509.966) 

(58) 

1 airchitd  AI  B 

C'entrailia  Plant 

270 

48 

.10 

116.576 

59 

Airway  Heights.  U A 

Centrailia,  WA 

(435) 

(.13) 

(160.870) 

(35) 

1 nrt  1 ee 

.Morgantown  Plant 

85 

27 

1.02 

326.065 

87 

Petersburg.  V A 

Morgantown.  MD 

(137) 

(1.33) 

(449,957) 

(52) 

1 rancis  W arren  Al  B 

C herokee  Steam  Plant 

110 

20 

1.54 

352.020 

96 

Boulder.  W V 

Denver.  CO 

(117) 

(2.01) 

(485,774) 

(57) 

(»eneraJ  Mitclicll  1 leld 

Valley  Plan! 

10 

20 

1.45 

379.620 

96 

Milwaukee.  W 1 

Milwaukee.  WI 

(16) 

(1.90) 

(523.861) 

(5  7) 

(ieorgc  AI  B 

Mohave  Plant 

165 

35 

.68 

252.641 

71 

Adelunlo.  ( A 

Laughlin.  NV 

(266) 

(.89) 

(348.635) 

(42) 

hiblt'  A’  K lim'd) 


Dala  loi  All  I on.i'  liislallalluns 


Mililury  Installation 

Nearest 

Major  Source  ol 
Suitable  1 ly  \sli 

l>is 

tance 

mi 

(knil 

1 ly  Aih 
Cenien( 
( osl 
I'er- 

een (age 

Cost 
Savings 
S'cu  yd 
(m'l 

lotal  hnergy 
Savings 
Htu  cu  yd 
(kj  m*) 

Cement 
Savings 
Ih  cu  yd 
(kg  m ’ ) 

( inoiltL'Ilo  A1  |i 

lb.  llroun  Plant 

255 

4b 

.11 

117,254 

41 

San  1 \ 

1 aiitield,  I \ 

(4KH 

(.17) 

(184,412) 

(24) 

t 0.11)1!  I oiks  \l  It 

Hoot  1 aki  PI. lilt 

l.Mi 

2^ 

505.5  24 

84 

1 liiu-iaili'.  S|) 

1 eieiis  1 alK.  M N 

CliU) 

( l..■’'»l 

(421.61  1) 

(50) 

l*insln»n  Inu-rnaiiotMl  \irp*'n 

1 . R.  IMiillips  Siaiion 

2.S 

22 

1.14 

d5 

( orapoliN.  P \ 

South  Heielils.  PA 

(4(1) 

(1  ■’5) 

(5OI.620) 

(551 

(■riltisi  Al  H 

Merriniav  Plant 

200 

^1 

Rome. 

( ctHkord.  Nil 

(,i::i 

(Irissom  \l  H 

1 - W . Stout  Plant 

7(1 

16 

l.l  I 

111.218 

Sb 

Hunker  Hill,  l.\ 

Indianapolis.  IN 

1 11.11 

( 1 .45 1 

(459.828) 

(52) 

Gunter  Al  H 

1 . C . (iaslon  I’Unt 

b5 

14 

1.15 

.144,670 

92 

Mont^omcr> , Al. 

\\  ilsonville.  Al 

(1115) 

(I.6I1 

(482.5111 

(55) 

Hamilton  Al  It 

Mohave  Plant 

500 

64 

Novato.  ( A 

Laiiehlin.  N\ 

(805) 

Hancock  1 ield 

Mercer  Plant 

225 

^4 

North  Syracuse.  N't 

Hamilton  I \vp..  NJ 

(i6:i 

Hickman  Al  \i 

Nlohave  Plant 

25^1 

:o4 

Wai.ilu.i,  III 

I atiehlin.  NV 

(41'’0) 

Hill  M H 

Nava|o  Plant 

1(10 

,tl4 

(>2.Sb0 

14 

ricarlielil.  1 1 

l’.iee.  \/ 

(4S1| 

( (I5l 

(86. ■’44) 

III) 

llolumun  M It 

Navajo  I’l.mt 

40(1 

(.’ 

•MamaneorJo.  NM 

PjL'C.  A/ 

((<441 

Homestead  Al  It 

Mie  liend  Plant 

225 

5 1 

.0.^ 

S5.7(,4 

2s 

Ihnncstead.  1 1. 

I'anipj.  1 1 

(i(<:i 

( 04l 

(1  18.151  1 

( 15| 

Keesler  \1  R 

lljTTy  I'ovver  Plant 

Kl> 

25 

1 

5.5S.4  50 

d2 

lliloM.  MS 

Hucks,  Al 

(IIOI 

(1.6(0 

1467,0201 

(55) 

Kelh  \1  H 

Uie  Hr»>svu  Plant 

220 

4) 

.10 

ld2,l  7Q 

5 b 

San  \nt))nio,  T\ 

I airhcld.  1 \ 

(.1541 

(.141 

(265,20(0 

(11) 

Kl  Sa\\yer  Al  M 

J 1*  . Pulliam  Plam 

!4k 

r 

1.0' 

112.265 

S” 

( inn.  Ml 

( been  lia> . U 1 

CII1 

( 1.401 

(410,4141 

(52) 

l.(  Weail.iek  X 

Kinelieloe  Al  H 

1 ),  1 K.irn  Plant 

IU(I 

45 

lb 

151.4(16 

44 

Kincfoss,  Ml 

1 seewille.  Ml 

(106I 

(.:ii 

(212.467) 

(2bl 

Kirtland  Al  H 

Njvaio  Plant 

110 

5H 

0 

Albuquerque.  NM 

Paee,  A/ 

(4om 

I 


lable  A2  (Coiit'd) 


Data  lor  Ait  1 orce 

Inslallalions 

Military  Installation 

Nearest 

Major  Source  of 
Suitable  1 ly  Ash 

Dis 

Unce 

mi 

(km» 

My  Asli 
Cement 
Cost 
Per- 
centage 

Cost 
Savings 
S'cu  yd 
(m‘) 

l oUl  Lnergy 
Savings 
Htu  cu  yd 
(kJ/m^) 

Cement 
Savings 
lb  cu  yd 
(kg,  m^) 

Lackland  AI  H 

Big  Brown  Plant 

225 

42 

.29 

185,288 

54 

San  Antonio,  T\ 

1 airfield.  i \ 

(362) 

(.381 

(255.690) 

(32) 

Langley  Al  B 

Morgantown  Plant 

105 

29 

.90 

310,900 

84 

Hampton,  V A 

Morgantown.  Ml) 

(169) 

(1.18) 

(429,0301 

(50) 

Laughlin  Ai  B 

Big  Brown  Plant 

325 

54 

.04 

52,587 

16 

Del  Rio.  IX 

I airfield.  FX 

(523) 

(.05) 

(72,568) 

(9) 

Laurence  Hanscom  Al  B 

\lerrimac  Plant 

60 

58 

Bedford,  MA 

Concord.  Nil 

(97) 

Little  Rock  AI  B 

I . H.  Allen  Punt 

125 

21 

1.40 

345,105 

95 

Jacksonville.  AR 

Memphis,  TN 

(201) 

(1.83) 

(476,231  ) 

(56) 

Loring  AI  B 

Merrimac  Plant 

340 

87 

Limestone.  ML 

Concord,  NH 

(547) 

Los  Angeles  Al  B 

Mohave  Plant 

240 

43 

.26 

168,962 

50 

Boron,  CA 

Laughlin.  NV 

(386) 

(.34) 

(233,161) 

(30) 

Lowry  AI  B 

( herokee  Steam  Plant 

10 

13 

2.09 

400,248 

101 

Denver.  CO 

Denver.  ( O 

(16) 

(2.73) 

(55  2,327) 

(60) 

Luke  ALB 

Mohave  Plant 

175 

43 

.23 

176,81 1 

50 

Litchfield  Park.  AZ 

Laughlin.  NV 

(282) 

(.30) 

(243,922) 

(30) 

MaediU  AI  B 

tjannon  Plant 

15 

27 

1.05 

342,165 

87 

Lynn  Haven.  1 L 

Tampa.  1 I. 

(24) 

(1.37) 

(472,1  74) 

(52) 

Malstrom  Al  B 

Dave  Johnson  Plant 

415 

53 

.04 

244,344 

19 

Great  f alls,  M I 

(ilenrock.  V'*  V 

(668) 

(.05) 

(337,185) 

(11) 

March  Ai  B 

Mohave  Plant 

175 

36 

.62 

224,344 

69 

Sunnymead,  CA 

Laughlin.  N\ 

(282) 

(.81) 

(309,586) 

(41) 

Mather  Al  B 

Mohave  Plant 

450 

57 

0 

1 1,632 

4 

Sacramento.  CA 

Laughlin.  NV 

(724) 

(16,052) 

(2) 

Maxwell  AI  B 

1 . C.  Gaston  Plant 

60 

25 

I.I7 

343,260 

90 

Montgomery.  AL 

W ilsonville.  Al 

(971 

(1.53) 

(473,685) 

(53) 

Met  hord  Al  B 

Ceiurailid  Plant 

45 

31 

.97 

308,400 

80 

Tacoma,  WA 

( entraili.i.  WA 

(72) 

(1.27) 

(425,580) 

(47) 

McClellan  AJ  B 

Mohave  Plant 

465 

58 

Sacramento,  C'A 

Laughlin.  NV 

(748) 

McConnel  Al  B 

LaCygne  Station 

150 

34 

.71 

266,773 

74 

Wichita,  KS 

LaCygne,  KS 

(241) 

(.93) 

(368,136) 

(44) 

McGuire  Al  B 

Mercer  Plant 

25 

59 

Wrightstown,  NJ 

Hamilton  I wp.,  NJ 

(40) 

L J 


Tablf  A2  t(  onl'd) 


Data  lor  .Air  I rircc 

Installations 

Tly  Ash 

Dis 

Cement 

C'osl 

lolal  l ncrg> 

Cement 

Nearest 

tance 

Cost 

Saving.s 

Savings 

Savings 

Major  Source  of 

mi 

Ter- 

S'cu  yd 

Btu  cu  yd 

lb  cu  yd 

Military  Installation 

Suitable  My  Ash 

(km) 

con  tage 

(m’l 

(kj  nr’) 

(kg  m’) 

Minn.  St.  Paul  .\ir|H*rl 

Black  Dog  IMaiH 

15 

19 

1.74 

382,439 

97 

Minneupo!i>.  M\ 

Minneapolis.  M\ 

C4) 

(2.28) 

(527.75  1 ) 

(58) 

MihmI  M K 

Leland  Old\  Plant 

KO 

35 

.63 

267.499 

71 

Mmol.  Ml 

Sl.mton.  \!) 

(i:‘)i 

(.82) 

(.369,1  38) 

(42) 

Moody  \1  11 

Ilarllee  HraitAh  I’l.mt 

1 75 

38 

.48 

227.651 

64 

Valdosta,  t •\ 

1 atonton.  ( ».\ 

C8:i 

(.63) 

(314,150) 

(38) 

Mountain  Home  .\l  H 

CeniraUia  Plant 

450 

72 

Mountain  Homo.  1 1) 

Centrailia.  W A 

(724) 

Myrtle  Heach  Al  H 

\\  aterce  Plant 

115 

33 

.68 

279.743 

76 

Myrtle  Beach.  S( 

1 astover,  SC 

(185) 

(.89) 

(386,034) 

(45) 

Nellis  ,.\l  H 

Mohave  Plant 

95 

31 

.83 

298.337 

80 

1 as  Ve^’as.  N V 

l.aughlin.  N\’ 

(153) 

(1.09) 

(41 1.693) 

(47) 

Ncia  Orleans  NAS  \\(j 

Barry  Power  Plant 

155 

32 

.79 

279.516 

78 

New  Orleans.  L.A 

Bucks.  Al 

(249) 

(1.03) 

(385,721) 

(461 

Niajjara  1 alls  Airport 

1 astlake  Plant 

190 

41 

.34 

196.216 

56 

Niairara  1 alls,  NV 

1 astlake.  OH 

(.306) 

(.44) 

(270.770) 

(33) 

Norton  Al  H 

Mofiave  Plant 

175 

36 

.61 

244.344 

69 

Ntirth  Sacramento.  ('  \ 

1 aiiehhn.  N\ 

(282) 

(-SOI 

(337.1  851 

(41) 

Otlutt  Al  It 

North  Omah.i  St.ition 

20 

24 

1.25 

360.848 

92 

Itellevuc.  Mi 

Oni.ilia.  Ml 

(321 

(1  63) 

(4>»7,gspi 

(SS| 

O'llare  Airport 

Craw  lord  Plant 

2(1 

23 

1.25 

364. 7~g 

95 

I’ark  Kidire.  II 

C hicago.  tl 

(32) 

(1.63) 

(503,381) 

(55) 

I’atrick  Al  l) 

Big  Bend  Plant 

115 

35 

.62 

261,381 

71 

Cocoa  Beach,  I 1. 

lampa.  1 1 

(185) 

(.811 

(360.696) 

(42) 

Tease  Al  1! 

Merrimac  Plant 

45 

57.5 

0 

■'.6t9 

4 

Newington.  NH 

C'tjncord.  Ml 

(72) 

(]  0,597) 

(21 

Peterson  1 leld 

C'heriikee  Steam  Plant 

72 

17 

1.74 

369.573 

98 

Colorado  Springs,  CO 

Denver.  C O 

(lib) 

(2.28) 

(509.996) 

(58l 

Plattshurg  Al  It 

Merrimae  TIanI 

60 

5K 

Plattsburg.  \\ 

(\>ncoTd.  Nil 

(97) 

Tope  Al  H 

Koyhoro  Plant 

90 

27 

I.OI) 

324.915 

K7 

Sprine  l ake.  N( 

Ro\horo.  N( 

(145) 

(131) 

1448.3701 

(52) 

Randolph  Al  B 

Big  Brow  n Plant 

205 

40 

.39 

205.445 

59 

1 nivcrsal  ( ity,  I X 

1 airliclil.  1 \ 

(330) 

(.51 ) 

(283.506) 

(35) 

Keese  .Al  It 

Big  Brown  I'lanl 

370 

52 

.04 

5 7.043 

19 

1 ubbock.  I A 

1 airlield.  I\ 

(595) 

(.05) 

(78,717) 

(11) 

Tahlo  A2  (C'ont’d) 


IVala  (\>i  Air  l\>rce 

Installations 

riy  Asli 

Dis 

Cement 

Cost 

l otal  tneigy 

C emenl 

Nearest 

lance 

Cost 

Savings 

Savings 

Savings 

Major  Source  oT 

mi 

Fer- 

S/tu  yd 

Btu  tu  yd 

lb  cu  yd 

Military  Installation 

Suitable  My  Asli 

(kmj 

ten  tage 

(n|3) 

(kj  m*) 

(kg  m’) 

Richards  Clcbuur  Al  B 

1 lawthorne  Station 

25 

23 

1.28 

363.503 

93 

Belton.  MO 

Kansas  City,  MO 

(40) 

(1.67) 

(501,620) 

(55) 

Kickcnbackcr  Al  B 

1.  M.  Tail  Blant 

SO 

.98 

327,2  15 

87 

Lock bourne.  OI 1 

Dayton.  OH 

(124) 

(1.281 

(451,544) 

(52) 

Robbins  Al  B 

llarliee  Branch  Blanl 

5X 

23 

1.22 

335,078 

93 

Warner  Robbins.  (j  A 

1 alonton,  0 A 

(92) 

(1.60) 

(462,395) 

(55) 

Scott  Al-B 

Baldw  m IMant 

35 

20 

1.46 

372,720 

96 

Shiloh,  11- 

Baldwin,  IL 

(56) 

(1.91) 

(514,339) 

(57) 

Scltridgc  Al  11 

St.  Clair  Plant 

25 

14 

1.70 

391,434 

100 

Mt.  C lemens.  MT 

Belle  River.  Ml 

(40) 

(2.22) 

(540,164) 

(59) 

Semour  Johnson 

Rt)\bort)  Plant 

105 

29 

.90 

310,900 

84 

(ioldsboro,  NC 

Ro\boro.  NC 

(169) 

(1.18) 

(429,030) 

(50) 

Shaw  A I B 

Walcree  Plant 

2S 

23 

1.23 

362,737 

93 

Sumpter,  Si 

1 astover.  SC 

(45) 

( 1 .6 1 ) 

(500,563) 

(55) 

Shemya  Al  B 

C'entrailia  Plant 

2736 

157 

Shemya.  AK 

Centrailia.  WA 

(4403) 

Sheppard  \1  H 

Big  Broun  Plant 

210 

37 

.52 

231,685 

67 

Wichita  1 alls,  1 \ 

1 airfield.  I \ 

(338) 

(.68) 

(319,7161 

(4(1) 

I inker  Al  11 

LaCygne  Station 

251) 

46 

.13 

137,748 

41 

Midxvest  C ity , OK 

LaCyene.  KS 

(402) 

(.17) 

(1«0,087) 

(24) 

1 ravis  Al  B 

Mohave  Plant 

470 

59 

Shat  ter.  ( A 

I.aughlin.  NV 

(756) 

Tyndall  Al  B 

Christ  Steam  Plant 

115 

39 

.41 

228,786 

62 

Sprinefield,  1 1 

IV'nsacola.  1 L 

(185) 

(.54) 

(315.716) 

(.37) 

1 SAl  Academy 

Cherokee  Steam  Plant 

50 

16 

1.86 

379.882 

49 

Monument.  ( () 

Denver.  CO 

(80) 

(2.43) 

(524.222) 

(59) 

V'ance  A I B 

LaCygne  Station 

225 

43 

.23 

170.773 

50 

I nid.  OK 

LaC  ygne.  KS 

(362) 

(.301 

(235,660) 

(30) 

Vanderburp  Al  B 

Mohave  Plant 

350 

53 

.04 

60.848 

19 

Lompoc.  ( A 

I.aughlin.  NV 

(563) 

(.05) 

(83.968) 

(11) 

Webb  Al  B 

Big  Brou  n Plant 

320 

53 

.04 

62.055 

19 

Biii  Spring.  T\ 

1 airiieUl.  T\ 

(515) 

(.05) 

(85,633) 

(II) 

Westover  A I B 

Merrimac  Plant 

95 

67 

Chicopee.  MA 

Concord.  Nil 

(153) 

Wheeler  Al  B 

Mohave  Plant 

2591 

204 

Waipahu.  Ill 

Laughhn.  NV 

(4170) 

T;ihlo  A2  ((  onl'd  ) 


D.ilj  loi  \ii  1 oici'  liislalhilioMs 

1 1>  Vsh 


Military  Irintallation 

Nearest 

Major  Source  ol 
Suitable  1 ly  \sli 

Dis 

tame 

mi 

(km) 

C ement 
(.  ost 
Per- 
centage 

Ci»( 
Savings 
S eu  yd 
( m * ) 

hdal  1 nergy 
Savings 
Btu  cu  yd 
(kj  m') 

C'emen) 
Savings 
It)  cu  yd 
(kg  m ’ ) 

Whiteman  Al  B 

Montrose  Slatum 

35 

24 

1.24 

357,122 

92 

Knob  Nostcr,  MO 

( linton,  MO 

(56) 

(1.62) 

(492.814) 

(55) 

V'  illianiK  \l  B 

Moliave  Plant 

230 

48 

1.24 

120.601 

35 

t'handler,  AZ 

Lauehlin.  \Z 

(354) 

(1.62) 

(166.425) 

(21) 

Willow  (irove  Air  Keserve  1 auhty 

l.ddystone  Station 

4S 

14 

1.82 

384.160 

100 

Hathoro.  I’A 

1 dd>  stone.  IVA 

(:'7) 

(2.38) 

(530,126) 

(59) 

Wrivhi  I’aUersoii  \l  B 

1 M.  I ait  Plant 

20 

s ■> 

1.25 

.368.782 

94 

1 airhurn.  OH 

Da\  ton.  OH 

(32) 

( 1 .6  3 1 

(508.905) 

(56) 

J . ( . W ead'K  k A. 

WiiKsmilh  Ai  B 

1 ).  1 Karn  Plant 

75 

30 

.81 

309.91 1 

82 

t )seonda.  Ml 

1 ssewille.  Ml 

(121) 

(1.06) 

(427,665) 

(49) 

\ ounesitiwn  Municipal  Airport 

1 . K . Phillips  Station 

50 

1 44 

360,916 

94 

Vienna.  OH 

South  Hei^:hts.  PA 

(80) 

(1.88) 

(498.050) 

(56) 

Table  A3 


Dala  lor  Naval  Installations 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  My  Asli 

Dis- 

tance 

mi 

(km) 

Kly  Asti 
Cement 
Cost 
Per- 
centage 

Cost 
Savings 
S cu  >(1 
(m’) 

Total  1 nergy 
Savings 
Btu  cu  yd 
(kJm’) 

Cement 
Savings 
Ib/cu  yd 
(kg  m^) 

Academy 

Chalk  Point 

28 

24 

1.14 

358.861 

92 

Annapolis.  MD 

Aquasco.  MD 

(45) 

(1.49) 

(495,214) 

(55) 

Aerospace  & Regional  Med.  Center 

Christ  Steam  Plant 

20 

26 

1.11 

345,005 

88 

Pensacola. ! L 

Pensacola.  11. 

(32) 

(1.45) 

(476,093) 

(52) 

Air  Uevclopmeni  Center 

Mercer  Plant 

30 

60 

Warminster.  PA 

Hamilton  Twp..  NJ 

(48) 

Air  I-.ngineering  Center 

Mercer  Plant 

30 

60 

Lakchurst,  NJ 

Hamilton  Twp.,  NJ 

(4Sl 

Air  I acility 

Moliave  PIjIU 

180 

43 

.23 

176.207 

50 

1 ! Centro.  CA 

Laughlin.  NV 

(2901 

(.30) 

(243,159) 

(30) 

Air  Propulsion  Test  Center 

Mercer  Plant 

15 

60 

Trenton,  NJ 

Hamilton  1 wp..  NJ 

(24) 

Air  Rework  1 acility 

Mohave  Plani 

500 

64 

Alameda.  ( A 

Laughlin.  N\' 

(805) 

Air  Rework  1 acility 

Roxboro  Plant 

165 

36 

.56 

246,0)  1 

69 

C horry  Point.  NC 

Roxboro,  NC 

(266) 

(.73) 

(339,486) 

(41) 

Air  Rework  1 acility 

(iannon  Plant 

172 

46 

.13 

145.372 

41 

Jacksonville.  1 1 

Tampa.  1 L 

(277) 

(.17) 

(200,608) 

(24) 

Air  Rework  I acility 

Morgantown  Plant 

115 

30 

.86 

301,585 

82 

Norfolk.  VA 

Morgantown,  MD 

(185) 

(1.12) 

(416,176) 

(49) 

Air  Rework  f acility 

Mohave  Plani 

235 

49 

.07 

109,132 

.72 

North  Island,  C A 

Laughlin.  NV 

(378) 

(.09) 

(150.598) 

(19) 

Air  Rework  1 acility 

Christ  Steam  Plant 

20 

26 

.79 

345.005 

88 

Pensacola,  1 L 

Pensacola.  1 I. 

(32) 

(1.03) 

(476,093) 

(52) 

Air  Station 

Mohave  Plant 

500 

64 

Alameda,  CA 

Laughlin.  NV 

(804) 

Air  Station.  Atlanta 

McDonougli-Atkinson  Plant 

10 

19 

1.46 

383.848 

97 

Marietta.  ( iA 

Smyrna.  (LA 

(161 

( 1 .9  1 ) 

(529.685) 

(58) 

Air  Station 

Mohave  Plant 

2591 

204 

Barbers  Point.  HI 

Laughlin,  NV 

(4170) 

Air  Station 

Merrimac  Plant 

100 

62 

Brunswick.  Ml 

C'oncord.  Nil 

1)611 

Air  Station.  Cecil  1 icid 

Big  Bend  Plant 

162 

45 

.15 

156.928 

44 

Jacksonville.  1 L 

1 ampa,  1 1. 

(261) 

(20) 

(216.554) 

(26) 

Air  Stath>n.  Chase  I ield 

Bin  Brown  Plant 

265 

47 

.12 

126,764 

38 

Beeville.  I X 

1 airfield,  1 .\ 

(426) 

(.16) 

(174,929) 

(23) 

33 


1 


Table  AT  U'om'd) 


Dala  Tor  Naval  Insiallattoiis 

My  .Vsh 

Dis- 

Cement 

Cost 

Total  Tnergy 

Cement 

Nearest 

lance 

C list 

Saving> 

Savings 

Savings 

Major  Source  ot 

mi 

IVr 

S 'cu  yd 

Btu  eu  yd 

lb  eu  y d 

Military  Installation 

Suitable  My  Ash 

(km) 

eentage 

(m ' ) 

(kJ  ni^) 

( kg  ni  •’ ) 

Air  Station 

Hi^  brown  Plant 

.M)U 

51 

.03 

8 1 .45  1 

25 

Corpus  Chrisli.  T\ 

1 .iinioid.ix 

(4X3) 

1.04i 

(112.399) 

(15) 

Air  Station 

hie  brow n PLint 

21 

1.44 

.755.685 

95 

Dallas.  T.\ 

1 airtielu.  1 \ 

)l.17) 

(1.88) 

(490.831 1 

(561 

Air  Station 

NUjIuvc  Plant 

390 

55 

.04 

38.310 

12 

l allnii.  NV 

Lauehlin,  N\ 

(62S) 

( .05 ) 

(52.866) 

(7) 

Air  Station 

risk  Power  Plant 

25 

23 

1.24 

363.503 

93 

Glenview.  IL 

Chicaeo,  1 1 

(40) 

U.62i 

(501.620) 

(55) 

Air  Station 

Gannon  Power  Plant 

1 72 

46 

.13 

145.372 

41 

Jacksonville.  1 L 

I'anipa.  1 1 

(277) 

(.17) 

(200.608) 

(24) 

Air  Station 

Bij.’  Bend  Plant 

260 

55 

■ti3 

4 1 .300 

12 

Key  West,  i L 

Tampa.  1 1 

(4IX| 

(.04) 

(56.992) 

(7) 

Air  Station 

Bi^  Brow n Plant 

320 

53 

.04 

62.055 

19 

Kingsville.  T\ 

1 airtield.  I X 

(515) 

(.05) 

(85.633) 

(11) 

Air  Station 

Mercer  Pi.int 

3(1 

60 

l.akehurst.  .\J 

1 lamilom  1 w p..  \J 

(4Hi 

Air  Station 

Mohave  1‘l.mt 

.325 

53 

04 

6 1.854 

1^ 

I.emoore.  C A 

I..iu,ehlin.  \\ 

(523) 

(.05) 

(85.356) 

(III 

.Air  Station 

Mi'have  Plant 

240 

43 

.26 

IpS.962 

50 

Los  Alamitos.  CA 

1 auehlin.  NV 

(3861 

)..74l 

(233.1611 

(30) 

Air  Station 

r.  H.  .Allen  Plant 

23 

13 

1.95 

396.092 

101 

Mcrnpliis.  I N 

Memphis.  I N 

(37) 

(2.55) 

(546.5Q2) 

(60) 

\»r  Station 

Barry  l*ower  Plant 

1 18 

30 

-S” 

300,960 

82 

Meritlan.  MS 

Bucks,  \!_ 

(190) 

(1.14) 

(415.313) 

i49J 

Air  Station.  Mirani.tr 

Mohave  Plant 

225 

4H 

.10 

120.199 

35 

San  Dicl'o.  C A 

Lau^hlin.  NV 

(3621 

(.13) 

(165.870) 

(21) 

Air  Staliiin.  Moftett  1 icM 

Mohave  Plant 

470 

62 

Mountain  View . ( A 

( aii>.’hlin,  N\ 

(756) 

Air  Stati«)n 

Burry  Power  Plant 

155 

32 

79 

279.516 

78 

New  Orleans,  I A 

Bucks.  Al. 

(249) 

n.0.3) 

( 385.7: 1, 

(4(1) 

Air  Station 

Moryjiitow n IManl 

115 

30 

,S6 

.301,585 

82 

Norfolk.  VA 

Mor|2jntown.  Ml) 

(185) 

11.12) 

(416,176) 

(49) 

,Air  Station.  North  Island 

Mohave  Plant 

235 

49 

.07 

109,132 

3: 

San  Die^o.  C A 

1 aughim.  N\ 

(378) 

(.09) 

(150.5981 

(19) 

•Air  Station.  Oceana 

Mor^aniwon  IMant 

130 

32 

.77 

284.346 

78 

Virginia  iJeach.  \ A 

Moreanlown.  Ml) 

(209) 

(l.Oll 

(392.3861 

(46) 

.'4 


Table  A3  (('ont’d) 


Data  lor  Naval  Installations 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  1 ly  A.sh 

Dis 

tance 

mi 

(km) 

My  Ash  ' 
Cement 
Cost 
Per- 
centage 

Cost 
.Savings 
S;cu  yd 
(m^) 

Total  tnergy 
Savings 
Btu  cu  yd 
(kJ  ) 

Cement 
Savings 
Ib  cu  yd 
(kg'm-’) 

Air  Station 

Christ  Steam  Plant 

:o 

26 

1.12 

345.005 

88 

Pensacola.  1 1. 

Pensacola,  1 1 

(32) 

(1.461 

(476,093) 

(52) 

Air  Station 

Mohave  Plant 

300 

48 

.1! 

114,161 

35 

Point  Mugu.  CA 

Laughlin,  NV 

(4831 

1,14) 

( 157,538) 

(21) 

Air  Station.  SauHey  l ielil 

Cluisl  Steam  Plant 

12 

26 

1.14 

346.891 

88 

Pensacola,  1 L 

Pensacola,  I T 

(19) 

(1  49) 

(478.696) 

(52) 

Air  Station 

.Merrimac  Plant 

85 

60 

South  Weymouth.  MA 

Concord.  Nil 

(137) 

Air  Station.  Washington.  IX' 

Chalk  Point 

10 

21 

1.39 

375.522 

95 

Camp  Springs,  \!D 

Aquasio.  MD 

(16) 

(1.82) 

(518.206) 

(561 

Air  Station.  Whidbey  Island 

Cenirailia  Plant 

120 

35 

.71 

260.507 

80 

Oak  Harbor,  W A 

Centrailia.  W A 

(193) 

(.93) 

(359.490) 

(47) 

Air  Station,  Whiting  l ield 

Chribt  Steam  Plant 

22 

26 

1.12 

344.534 

88 

Milton,  1 L 

Pensacola.  I L 

(35) 

(1.46) 

(475.444) 

(52) 

Air  Station 

Lddystone  Station 

30 

13 

1.93 

393,854 

101 

Willovi  firove.  PA 

Lddystone.  PA 

(48) 

(2.52) 

(543,5031 

(60) 

Air  Test  Center 

Morpantovsn  Plant 

35 

23 

1.25 

360,950 

93 

Patuxent  River.  MD 

Morgantown.  MD 

(56) 

(1.63) 

(498.097) 

(55) 

Ammo  Depot 

Petersburg  Plant 

43 

24 

1.26 

355.1  35 

92 

Crane,  IN 

Petersburg.  IN 

(69) 

(1.65) 

(490,072) 

(55) 

Ammo  Dept)i 

Mohave  Plant 

290 

47 

.13 

124,551 

38 

Hawtliorne,  NV 

Taughlin,  NV' 

(467) 

(.17) 

(171,876) 

(23) 

Ammo  Depot 

Hig  Hrown  Plant 

210 

37 

.52 

23 1 ,685 

67 

MvAlester.  OK 

1 airfield.  TX 

(338) 

(.68) 

(319,716) 

(40) 

Anipliibious  Base 

Mohave  Plant 

235 

49 

.07 

109,132 

32 

San  Diego,  CA 

Laughlin.  NV 

(3781 

(.09) 

(150.598) 

(19) 

Amphibious  liase.  Little  ('reek 

Morgantown  Plant 

120 

31 

.61 

293.306 

80 

Norfolk,  VA 

Morgantown.  MD 

(193) 

(.80) 

(404,751) 

(47) 

Avionics  I utility 

1-..  W.  Sioul  IMant 

5 

21 

1 44 

376.845 

95 

Indianapolis.  IN 

Indianapolis,  IN 

(81 

(1.881 

(520,031) 

(56) 

Camp  II.  M.  Smith 

Mohave  Plant 

2591 

204 

Halaua  Heights,  ill 

Laughlin.  N'\ 

(4170) 

( oastal  System  Lab 

Christ  Steam  Plant 

37 

.50 

250,200 

67 

Pan.una  City.  1 1, 

Pensacola.  1 L 

(153) 

(65) 

(345.266) 

(40) 

Communications  Station.  Clam  Lagoon 

Centrailia  Plant 

2556 

148 

Adak,  AK 

Centrailia.  W A 

(4113) 

A 


Table  AT  (Coin'd) 


Data  lor  Naval  Inslallations 


Military  installation 

Nearest 

Major  S<iurce  of 
Suitable  My  Ash 

Dis- 

tance 

mi 

(km) 

I ly  Ash 
Cement 
Cost 
I'er 

eentage 

C osl 
Savings 
S;cu  yd 
(m  ') 

T Dial  I nerg) 
Savings 
Btu  cu  yd 
(kJ  nv' ) 

( ement 
Savings 
lb  cu  yd 
(kg  m S 

t'ommunicaiions  Station 

Mohave  Plant 

:59t 

204 

ifiinululu.  HI 

Lauglilin.  .\\ 

(4170) 

C ommunications  Station 

Ciannon  I\nser  Plant 

260 

55 

,03 

41,300 

12 

Key  West,  1 1, 

Tampa.  1 L 

(41K) 

(.04) 

(56,992) 

("l 

C'ommunications  Station 

Merrimac  Plant 

130 

64 

Ne\sport,  K1 

Concord.  Ml 

(2091 

C'ommunications  Station 

Morganiinv n Plant 

115 

30 

.86 

301.585 

K2 

Norfolk.  VA 

\Iorgantown.  M D 

1 185) 

0.12) 

(416,1  76) 

(49) 

C ommunications  Station 

Mohave  Plant 

235 

49 

.07 

109,132 

32 

San  Dicito.  C'  \ 

l.aughhn.  NV 

(378) 

(.09) 

0 50,5981 

09) 

( ommunications  Station.  San  ! raticisco 

.Mohave  Plant 

430 

57.7 

0 

3.530 

1 

Stockton.  C'  \ 

l.aughlm.  N\' 

(692) 

(4.870 

C ommunications  Station.  \\  ashinj:ton 

Potomac  Kiver  IMant 

20 

19 

(.5  2 

381,03(1 

9 7 

Cheltenham.  MD 

.Alexandria.  V.A 

(32) 

0.99) 

(525.807) 

(58) 

Construction  Hatlalion  Center 

.Merrimac  Plant 

(25 

64 

Davisville,  RI 

C’oncord.  Ml 

120U 

Construction  Battalion  ( enter 

Hurry  I’cnvi-r  Hlunl 

88 

25 

1.19 

336.498 

90 

Cullporl.  MS 

Hucks,  AL 

(142) 

0.561 

(464,354) 

(53) 

Construction  Battalion  Center 

.Mohave  Plant 

285 

46 

.13 

134,326 

41 

Port  lluencme. C \ 

LuiiL'lilin,  \\ 

1459 1 

(.17) 

0 85,3651 

(24i 

Damaee  C'ontrol  Training  Center 

l•.dd>ston^'  Stulion 

10 

1 1 

2.07 

404,598 

102 

Philadelpiiia.  PA 

l-dd^  stone.  I’A 

(16) 

(2.71) 

(558,3291 

(bl  1 

1 Icdrtmics  I.ab  ( enter 

Mohave  Plant 

235 

49 

.07 

109,132 

32 

San  Diego.  C,\ 

Taughlin.  \V 

(378) 

(,09| 

050,5981 

09) 

1 acility.  ( ape  Hatteras 

Koxboro  Plant 

215 

42 

.29 

186.553 

54 

Buston.  NC 

Koxhnro.  N'(' 

(3461 

(.38) 

(2.''.4  36) 

(32) 

1 acility 

( enlraiiia  IMant 

75 

32 

.97 

294.972 

80 

Pacific  Beach.  \V  A 

Centrailia.  W A 

(I2lt 

0.27) 

(407.050) 

(47l 

1 loot  Antisuhmarine  I raining 

M«'have  Plant 

235 

49 

.07 

109,132 

32 

San  Diego.  ( \ 

1 aughhn.  W 

(378) 

(.091 

0 50.598) 

09) 

1 leet.  Ballistic  Missile  ( enter 

W ateree  IMant 

90 

30 

1 

2)6,789 

82 

('harlesion.  S( 

1 .istover.  SC 

045) 

(Ur 

(299.160) 

(49) 

1 leet  (Operations  ( oiilrol  Center 

Mohave  Plant 

2591 

204 

Kuma.  HI 

I auglilin.  W 

(4170) 

1 leet  1 raining  ( enter 

Big  Berul  Plant 

185 

48 

.09 

123,419 

35 

\l.i>  port.  1 1 

lainpa.  1 1 

(298) 

(.12) 

O 70,31 .0 

(20 

I able  A3  (C \)nt  d ) 


Data  lor  Naval  Installations 


Militar>  Installation 

Nearest 

Major  Source  of 
Suitable  Tly  Ash 

Dis 

tanie 

mi 

(km) 

Fly  Ash 
Cement 
Cost 
I'er- 
centage 

Cost 
Savings 
S cu  yd 
(m’) 

Total  Tnergy 
Savings 
Btu  cu  yd 
(kJ'm^i 

C'emen! 
Savings 
lb  cu  yd 
(kg'm’) 

1 led  Training  ( enter 

Mohave  Plant 

235 

49 

.07 

109.132 

32 

San  Diego,  (’A 

Taughlin.  NV 

(378) 

(.09) 

(150.598) 

(19) 

1 uel  Depot 

Gannon  Po\ser  Plant 

180 

48 

.10 

123.821 

35 

Jacksonville,  i L 

Tampa,  i L 

(290) 

(.13) 

(170.868) 

(21) 

Hospital 

Chalk  Point 

28 

24 

1.14 

358.861 

92 

Annapolis,  MD 

Aqujsco,  MD 

(45) 

(1.49) 

(495.214) 

(55) 

Hospital 

Waleree  Plant 

105 

31 

.75 

296,325 

80 

Beaufort,  SC 

I.asiover,  SC 

(169) 

(.98) 

(408,917) 

(47) 

Hospital 

Roxboro  Plant 

165 

36 

.55 

246.011 

69 

Cherry  Point,  NC 

Roxboro.  NC 

(266) 

(.72) 

(339,486) 

(41) 

Hospital 

Big  Brown  Plant 

300 

51 

.03 

81,451 

25 

C orpus  Christi,  TX 

1 airfield,  T\ 

(483) 

(.04) 

(1  1 2,399) 

(15) 

Hospital 

Big  Bend  Plant 

260 

56 

.04 

27.059 

8 

Key  West,  M. 

Tampa,  TL 

(418) 

(.05) 

(37,340) 

Hospital 

.Mohave  Plant 

325 

50 

.06 

93.205 

29 

Lemoore.  CA 

Laughlin.  NV 

(523) 

(.08) 

(128,619) 

(17) 

Hospital 

T.  H.  Allen  Plant 

23 

13 

1.95 

396,092 

101 

Memphis,  I N 

Memphis.  TN 

(37) 

(2.55) 

(546.592) 

(60) 

Hospital 

C'enirailia  Plant 

120 

35 

.70 

260.507 

80 

Oak  Harbor,  W A 

C'entrailia.  \V,A 

(193) 

(.92) 

(359,490) 

(4-’l 

Hospital 

Big  Bend  Plant 

82 

32 

.78 

29  3. (.20 

78 

Orlando.  I L 

Tampa.  1 L 

(132) 

(1.02) 

(405.184) 

(46) 

Hospital 

Morgantown  Plant 

35 

23 

1.24 

.160.950 

93 

Patuxent  River,  MD 

Morgantown,  MD 

(56) 

(1.62) 

(498,097) 

(55) 

Hospital 

Mohave  Plant 

285 

46 

.13 

1 34.326 

41 

Port  Hueneme.  ( A 

Taughlin.  NV' 

(459) 

(.17) 

1185.365) 

(24) 

Hospital 

Potomac  River  Plant 

28 

19 

1.50 

378,-^76 

97 

(,)uantico,  V A 

Alexandria.  VA 

(45) 

(1.96) 

(522.6961 

(58) 

Magazine 

Mohave  Plant 

2591 

204 

l.ualualei.  HI 

Taughlin.  NV 

(4170) 

Marine  Barracks 

Morguntow  n IMant 

115 

30 

.86 

301.585 

82 

Norfolk.  VA 

Morgantown.  Ml) 

(185) 

(1.12) 

(416.1  76) 

(49) 

Marine  Barracks 

Mohave  Plant 

2591 

204 

Pearl  Harbor.  Ml 

Taughlin.  NV 

(4170) 

Marine  Corps  Air  Station 

Watcrce  Plant 

105 

31 

.75 

296.325 

80 

Beaulort.  SC 

l.astovcr.  SC 

(169) 

(.98) 

(408.917) 

(47) 

Tabic  A3  K'ont'd ) 


Military  Installation 


Marine  Corps  Air  Station 
Cticrry  Point.  N( 

Marine  Corps  Air  Station,  1 1 1 oro 
Santa  \nna.  CA 

Marine  <’orps  Air  Station,  Kaneohe  Bay 
Oahu.  Ill 

Mai  me  Corps  Air  Station 
Ouamico,  VA 

Marine  ( Orps  Air  Station 
Yuma,  A/ 

Marine  Corps  Air  Stati«m,  New  Kiver 
Jacksonville.  NC 

Marine  Corps  Air  Station 
Santa  Ana.  CA 

Marine  Corps  Rase  Camp 
I.ejeune.  N( 

Marine  Corps  Rase  ( amp 
PenJIeton.  ( A 

Marine  ( Orps  Rase 
I went)  nine  Palms.  ( \ 

Marme(  urps,  l)e\el  A.  1 il.  Command 
OuanMeo.  \ \ 

Marine  ( <<rps  IUI({trs.  Ratt.ilion 
VVashineton.  IX  ‘ 

Marine  ( orps  Recruit  Depot 
I'arris  Island.  S( 

MarineC  t»rps  Recruit  Depot 
San  Dieito.  ( \ 

Marine  ( orps  Supply  Activity 
Philadelphia.  P.\ 

Marine  ( »>rps  Supply  ( enter 
Albany . ( . A 

Marine  Corps  Supply  ( enter 
Rarslow . ( A 

National  Naval  Mi  Jkah  enter 
Hethesda.  MD 


Data  lot  Naval  Inslallalions 


Nearest 

Major  Soiiree  ol 
Suitable  1 ly  \sii 

DIv 

lance 

nil 

(km> 

My  \sh 
C enient 
Cosl 
Her 

ten (age 

Cost 
Savings 
S tn  ycl 
(ni ') 

Total  Tnergy 
Savings 
Util  tu  y d 
(IvJ  in') 

C'cnicnl 
Savings 
ll>  tu  yd 
( kg  in  ' 1 

Rosbofo  Plant 

165 

36 

.55 

246.01  1 

69 

Roxboro.  NC 

(26b) 

(.721 

(339.486) 

(41 1 

Mohave  Plant 

210 

40 

.45 

204.755 

59 

l.auelilin.  N\' 

(338) 

(.59) 

(282.554) 

(35) 

Moh.ive  Plan! 

250  1 

204 

Lauehlin.  NV 

(4170) 

Potomac  River  Plant 

28 

19 

1.50 

378.776 

97 

Alexandria,  \'  \ 

(45) 

(1.961 

(522.696) 

(58) 

Mohave  Plant 

175 

42 

.29 

1 9 1 .6 1 3 

54 

Lauehlin.  N\' 

(282) 

(.381 

(264,418) 

(32) 

Roxboro  Plant 

165 

36 

.55 

246.01  1 

69 

Roxboro,  NC 

(266) 

(.72) 

(339.4861 

(41) 

Mohave  Plant 

200 

39 

.50 

216.372 

62 

Lauahim,  NV 

(322) 

(.65) 

(298,585) 

(37) 

Roxboro  Plant 

165 

36 

.55 

246.01  1 

69 

Roxboro,  NC 

(266) 

(.■’21 

(339.486) 

(41) 

.Nlolijve  Plant 

220 

47 

.12 

1 30,749 

38 

Lauehlin.  NV 

(354) 

(.16) 

(180,429) 

(23) 

Mohave  Plant 

115 

35 

.59 

261,381 

71 

l aii^hlin.  NV 

(185) 

(.77) 

(.360,696) 

(42) 

Polomas  River  Plant 

28 

19 

1.50 

378.776 

97 

Alexandria.  V.A 

(45) 

(1.961 

(5  22.696) 

(581 

Dickerson  Plant 

15 

> 

1.30 

370.093 

94 

Dickerson.  MD 

l24) 

(510.714) 

(561 

Waterce  Plant 

115 

33 

.68 

279. ’43 

76 

l .asltivcr.  S( 

(185) 

(.89) 

(3S6.034I 

(45l 

Moliave  Plant 

235 

49 

.07 

109.1  32 

32 

l auelilin.  NA 

(378) 

(.09) 

(150.5981 

(19) 

1 ddystone  Slaium 

25 

I : 

1.97 

394,5  22 

I02 

1 ddystone.  I’  A 

(40) 

(2.58) 

(.'15  1 .3251 

(61 ) 

Harllee  Rranch  Plant 

145 

29 

.96 

302.298 

84 

1 atonton.  ( > \ 

(233) 

(1.261 

(4!  7.1591 

(50) 

Mohave  Plant 

142 

33 

.81) 

2^4,651 

'6 

I aiiehlm.  NV 

(2291 

(1.05) 

{3'9.(I(ISI 

(45 ) 

Dukerson  PI. mi 

1(( 

21 

1.39 

375.522 

95 

Dukerson.  Nil) 

(161 

(1.82) 

(518.2(161 

(56) 

Table  A3  (Conl'd) 


Data  I'or  Naval  Installations 


t ly  Ash; 


Military  Installation 

.Nearest 

Major  Source  of 
Suitable  1 ly  Ash 

Ois- 

lantv 

mi 

(km) 

Cement 

Cost 

Per 

eeiitage 

Cost 
Savings 
S'cu  yd 
(m'l 

lOtal  l-nergy 
Savings 
Htu/eu  yd 
(k.l/m') 

Cement 
Savings 
16  eu  yd 
(kg  m') 

Naval  Observatory 

Dickerson  Plant 

15 

22 

1.30 

370,093 

94 

VVashineton.  IX 

Dickerson.  Ml) 

(24) 

(1.70) 

(510.714) 

(56) 

Naval  Observatory  Station 

Navajo  Plant 

135 

38 

.49 

233,585 

64 

f iagstafT.  A/ 

Page.  AZ 

(217) 

(.64) 

(322,338) 

(38) 

Ordnance  Mjssile  Tcst  1 aciliiy 

Navajo  Plant 

44(1 

70 

White  Sands.  NM 

Page.  AZ 

(708) 

Ordnance  StJti«>n 

Potomac  River  Plant 

22 

19 

1.50 

380,467 

97 

Indian  Head.  MD 

Alexandria,  VA 

(35) 

(1.961 

(525,030) 

(58) 

Ordnance  Station 

Cane  Run  Plant 

20 

18 

1.45 

384,840 

98 

Louisville.  K Y 

Louisville.  KY 

(32) 

(1.90) 

(531.064) 

(58) 

Pacific  Missile  Kanee 

Mohave  Plant 

275 

46 

.15 

135,304 

41 

Point  Mueu.  ( A 

Laughlin.  NV 

(443) 

(.20) 

(186.7141 

(24) 

Photographic  Center 

Potomac  River  Plant 

10 

18 

1.6(( 

.387.715 

98 

Washington.  IX 

Alexandria.  VA 

(16) 

(2.09) 

(535.032) 

(58) 

Polaris  Missile  1 acility,  Atlantic 

W'aleree  Plant 

95 

30 

.82 

.305.748 

82 

( harlcston.  SC 

I astover.  S( 

(153) 

(1.07) 

(421.920) 

(49) 

Post  (Graduate  Center 

Mohave  Plant 

405 

60 

Monterey.  (A 

Laughlin.  N\ 

(652) 

Public  Works  Center 

Waukegan  •*=1  Plant 

10 

ss 

1.31 

371.404 

94 

Great  Lakes.  11 

Waukegan.  11. 

(16) 

(1.71) 

(5  1 2.523) 

(561 

Public  W orks  ( enter 

Morgant‘»wn  Plant 

IIS 

3o 

.86 

301,585 

82 

Norfolk.  VA 

Morgjntnsui.  Ml) 

(185) 

(1.12) 

(416.1761 

(49) 

Public  W orks  Center 

M*thj\e  Plant 

2591 

204 

Pearl  Harbor,  HI 

1 aughlin.  N V 

'4170) 

Public  W orks  ( enter 

( lirisi  Steam  Plant 

20 

26 

1.12 

345,005 

88 

Pensacola,  1 1. 

Pensacola.  1 1 

(32) 

(1.46) 

(476,093) 

(5  2) 

Public  Works  Center 

Mohave  Plant 

235 

49 

.07 

109,132 

32 

San  Diego,  CA 

Laughlin.  SV 

(378) 

(.09) 

(150.598) 

(19) 

Radio  Station 

Merriinac  Plant 

240 

77 

Cutler.  ML 

C oncord,  Ml 

(386) 

Radio  Station 

Centrailia  Plant 

125 

36 

.68 

25  2.681 

80 

Jirn  Creek,  W A 

C'entrailia,  W A 

(201) 

(.89) 

(348,690) 

(47) 

Radio  Station 

Albright  Station 

75 

18 

1.47 

369,028 

98 

Sugar  (irovc.  WA’ 

Albright.  W V 

(121) 

(1.92) 

(509.244) 

(58) 

Regional  Medical  C enter 

Centrailia  Plant 

65 

31 

.97 

304.375 

80 

liremerton.  W A 

( enirallij.  W A 

(105) 

(1.27) 

(420,026) 

(47) 

I ahio  A3  (Coin'd  ) 


Dala  loi  Naval  liulallalioiis 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  I l>  Asli 

l)is 

lance 

mi 

(km) 

My  Ash  ' 
Cement 
Cost 
IVi 

cen  tage 

Cost 
Savings 
S/cu  yJ 
(m^) 

Total  energy 
Savings 
Btu.'cu  yd 
(kJ/m’) 

Cement 
Savings 
Ib/cu  yd 
(kg/m^l 

Kcj'ional  Medical  ( ciiler 

lloshoro  Plant 

I(i5 

36 

.55 

246.01  1 

60 

Camp  1 cjeunc.  N( 

Roxboro.  \( 

( 2(i6 ) 

(.■’2) 

(330,486) 

(41) 

Reeional  Medical  ( emcr 

Mohave  Plant 

205 

46 

.14 

142.146 

41 

< amp  lVfKllet(»n.  ( \ 

Laiiehlin.  NV 

1330) 

(.18) 

(106.156) 

(24) 

Keeional  Medical  ( enter 

Waleree  Plant 

100 

31 

.77 

20  7.331 

80 

( liarleston.  SC 

1 asiover.  S( 

1 U.|  1 

(1.011 

(4 10,305) 

(47) 

Rcjiional  Medical  Center 

Waukey'an  ;■  1 Plant 

10 

->  t 

1.31 

371,404 

94 

(ireat  Lakes,  11. 

\S  aukeyan.  1 1. 

(16) 

(1.71) 

(512,523) 

(56) 

KeiMonal  Medical  ( enter 

Moluive  Plant 

240 

43 

.26 

168.962 

50 

1 tiiiji  Reach.  CA 

I au‘_’hlin.  NV 

)3S6) 

(.34) 

(233,161) 

(30) 

RegitJiul  Medical  < enter 

Rii!  HemI  Plant 

172 

46 

.13 

145.372 

41 

Jacksonville.  1 L 

1 jinpa,  1 1 

(277) 

(.17) 

(200.608) 

(24) 

Regional  Medical  Center 

Merrimac  Plant 

135 

65 

Newport,  R1 

Concord.  Nil 

(217) 

Re^iional  Medical  Center 

Mohave  Plant 

500 

64 

(Jakiand,  ( A 

l.auyhlin.  NV 

(X05) 

Regional  Medical  ( enter 

1 dd\  stiUie  Plant 

10 

1 1 

2.07 

404.508 

102 

Philadelphia.  PA 

1 ddyslone,  PA 

(16) 

(2.71) 

(558.320) 

(61) 

Rct'ional  Medical  ( enter 

Moreanlown  Phmt 

120 

31 

.81 

203,306 

80 

Portsinoutii,  VA 

Moryantiiyy  n.  M D 

(103) 

(1.06) 

(404.751) 

(47) 

Rejiional  Medical  ( enter 

Potomac  River  Plant 

10 

18 

1.60 

387.715 

08 

WashiniMon.  DC 

Alexandria.  VA 

(16) 

(2.00) 

(535.032) 

(58) 

Schools  Command,  1 reasure  Island 

Mohave  Plant 

510 

65 

San  1 rancisco.  ( A 

Lauehlin.  W 

(821 ) 

Security  (iroup  Activity 

Mi>have  Plant 

500 

64 

Ska^tiis  lslar\d.(  A 

Lauehlin.  NV 

(805) 

Security  (ironp  Activity 

Merrimac  Plant 

205 

74 

Winter  Harbor.  MI 

( oneord.  Ml 

(330) 

Security  Station 

Dickerson  Plant 

10 

21 

1.30 

275,522 

05 

SVashtnylon.  1)( 

Dickerson.  MD 

(16) 

(1.82) 

(380,210) 

(56) 

Ship  Research  & Development  ( enter 

Dickerson  Plant 

5 

21 

1.30 

376.845 

95 

Helhesda.  MI) 

Dickerstin.  MD 

(8) 

(1  82) 

(5  20.031 ) 

(56) 

Ship  l*arts  Control  ( enter 

Dickerson  Plant 

00 

3)) 

.82 

306.780 

82 

Mechanicsbury’.  I‘A 

Dickerson.  MD 

(145) 

(1.07) 

(423,357) 

(40) 

Shipyard 

U ateree  Plant 

100 

31 

.7"’ 

207.331 

80 

( harleston.  S( 

1 astover.  S( ' 

( 161 ) 

(1.01) 

1410,305) 

(47) 

40 


Table  A3  (C'onl'd ) 

Data  i’oi  Naval  Installalioiis 


Fly  Ash; 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  f ly  Ash 

Dis 

lancc 

ml 

(km) 

Cement 

Cost 

Per 

ceniage 

Cost 
Savings 
S cu  yd 
(m^l 

Total  I nergy 
Savings 
Btu/cu  yd 
(kJ/m’) 

Cement 
Savings 
lb  eu  yd 
(kg,m') 

Shipyard 

Mohave  Plant 

240 

43 

.26 

156.542 

50 

Lonji  Beach,  ('A 

Laughlin.  NV 

(386) 

(.34) 

(216.022) 

(30) 

Shipyard 

Mohave  Plant 

490 

64 

Mare  Island.  ( A 

Laughlin,  NV 

(789) 

Shipyard,  Norfolk 

Morgantown  Plant 

120 

31 

.82 

293,306 

80 

Portsmouth,  VA 

Morgantown.  MD 

(193) 

(1.07) 

(404.751 1 

(47) 

Shipyard 

Mohave  Plant 

2591 

204 

Pearl  Harbor.  HI 

I aughlin.  NV 

(4170) 

Shipyard 

I ddystonc  Station 

10 

1 1 

2.07 

404,598 

102 

Philadelphia.  PA 

Lddystonc.  PA 

(16) 

(2.:'1) 

(558.329) 

(61) 

Shipyard 

Merriniac  Plant 

45 

57.5 

0 

7,679 

V 

Portsmouth.  Nil 

C'oncurd.  NJ! 

(72) 

(10.597) 

(1) 

Shipyard.  Puj:et  Sound 

Ccntrailia  Plant 

65 

31 

.97 

304,375 

80 

Bremerton.  VVA 

Centratlia.  WA 

(105) 

(1.27) 

(420.026) 

(47) 

Naval  Station 

Ccntrailia  Plant 

2636 

152 

Adak.  AK 

Centrailia.  W A 

(4242) 

Naval  Station 

Chalk  Point  Plant 

28 

24 

1.14 

358.861 

92 

Annapolis.  M 1.) 

Aquasco.  MD 

(45) 

(1.49) 

(495,214) 

(55) 

Naval  Station 

Wateree  Plant 

100 

31 

.77 

297,331 

80 

Charleston.  SC 

Lastover,  S(‘ 

(161) 

(1.01) 

(410.305) 

(47) 

Naval  Station 

Big  Bend  Plant 

185 

48 

.09 

123,419 

35 

May  port.  IL 

Tampa.  1 L 

(298) 

(.12) 

(170.313) 

(21) 

Naval  Station 

Morgantown  Plant 

115 

30 

.86 

301.585 

82 

Norfolk,  V A 

Morgantown.  Ml) 

(185) 

(1.12) 

(416,176) 

(49) 

Naval  Station 

Mohave  Plant 

2591 

204 

Pearl  Harbor,  HI 

Laughlin.  NV 

(4170) 

Naval  Station 

Mohave  Plant 

235 

49 

.07 

109.132 

32 

San  Diego,  CA 

Laughlin.  NV 

(378) 

(.09) 

(150,598) 

(19) 

Naval  Station.  Treasure  Island 

Mohave  Plant 

510 

65 

San  1 rancisco,  (A 

Laughlin.  NV 

(821) 

Submarine  Base 

Merrimac  Plant 

140 

72 

New  London.  CT 

C'oncord,  NH 

(225) 

Submarine  Base 

Mohave  Plant 

2591 

204 

Pearl  Harbi>r,  HI 

Laughlin,  \\ 

(4170) 

Supply  Index,  ( healham 

Morg.inlown  iManl 

82 

27 

1.02 

326,755 

87 

W illiamsburg.  V A 

Morgantow  n.  M D 

(1321 

(1.33) 

(450,900) 

(52) 

J 
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Table  A3  (Conl'd  I 


Data  lor  Naval  Installations 


Military  Installation 

Nearest 

Major  Source  of 
Suitable  I iy  Ash 

l>is 

(anee 

mi 

(km) 

Fly  Ash 
C'cmenI 
Cost 
Her 

centage 

Cost 
Savings 
S eu  yd 
(m^) 

l otal  I-  nergy 
Savings 
Btu  cu  yd 
(kj  m’) 

Cement 
Savings 
lb  eu  yd 
(kg  nv') 

Supply  ( cnicr 

Watcree  Plant 

100 

31 

.77 

297.331 

80 

Charleston.  SC 

1 asloser,  SC 

(1611 

(1.01) 

(410.305) 

(47) 

Sup|i|)  t entet 

Mor)!aniown  Plant 

115 

30 

301.585 

82 

\orlolk.  \'A 

Morgantown,  Ml) 

(185) 

(1.12) 

(416,176) 

(49) 

Supply  ( enter 

Mohave  Plant 

500 

64 

Oakland.  CA 

Laughlin.  NV 

(805) 

Supply  ( enter 

Mohave  Plant 

2591 

204 

Pearl  Harbor,  III 

I aughhn.  N\ 

(4 170) 

Supply  ( enter,  I’ueet  Sound 

Cenirailia  Plant 

65 

31 

.97 

304,375 

80 

Bremerton.  W \ 

Cenirailia,  WA 

(105) 

(1.27) 

(420.026) 

(47) 

Supply  ( enter 

Mirliuvc  IMjnl 

235 

49 

.07 

|(.)9.132 

}2 

San  Dietro.  ('.A 

Lauehlin.  C'A 

(378) 
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1.31 

371.404 
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(1.71) 
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(56| 
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82 

32 

.78 

293.62(( 
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31  7.5  33 
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